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Appendix I

FUNCTIONAL DESCRIPTIONS AND SCHEMATICS

This appendix provides detailed descriptions of operation for each of the

breadboard FACS subassemblies, modules_ and associated Ground Support Equipment.

COI_I_TS

A. Static Inverter

B. DC Power Supply

C° Programmer

D° IACS Control Electronics

E. SACS Control Electronics

F. Telemetry Signal Conditioning

G. Junction Box

H. Roll Stabilized Platform

I. Rate Gyros

J. Ground Support Equipment

K. Full Trigger/Half Trigger

L. Absolute Value Circuit

M. Buffer Amplifier

N. Demodulator

O. Hold Time Delay

P. Operational Amplifiers
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A. STATIC INVERTER

REQUIEEMENTS

The two-pha_e, sine-wave static inverter supplies the necessary AC power

to the attitude control system. The inverter is designed to meet the following

electrical requirements :

Line Voltage 2h _C to 34 VDC

Output Voltage

Zero Phase 13V and 26V rms

90° Phase 13V and 26V rms

Full Load 125 VA per phase

Total Harmonic Distortion 5%

Frequency 400 cps + 0.25%

Phase 90° + 5°

Regulation ± 2%

Temperature (Ambient) O°C to 60°C

(with adequate heat sink)

Short Circuit Protected

GENERAL

A schematic diagram of the static inverter is shown in Figure I-1. The

output of a 400-cycle sine-wave oscillator is amplified in a Class A amplifier

which is transformer-coupled to a Class B output amplifier. The zero phase

signal is the transformed output from this amplifier.

An RC lag network is used to phase shift the zero phase signal _0°. The

output signal from the lag network is amplified by a Class A amplifier and

then a Class B amplifier as in the zero phase channel.

A current transformer is used in series with each output to indicate when

a short circuit condition exists and to supply current feedback signals for

voltage regulation with variations in load. In addition, a voltage feedback

signal is obtained from the zero phase channel to drive a voltage regulating

circuit which controls the amplitude of the sine-wave oscillator. Thus, the

zero phase output signal is quite stable, and, since this signal is the input

signal to the other channel, the 90° phase output signal is stable also.

I-2

1966018035-005



It is desirable to run much of the internal circuitry from a regulated

source. Therefore, a 24-volt regulator is included as part of the static in-

verter. The two-phase output signals are rectified and filtered to supply the

input voltage for the regulator when the llne voltage falls below about 26 VDC.

Thus the inverter is capable of operatior at quite low llne voltages, i.e., ZO

to 22 VDC.

A one-shot multivibrator is used in conjunction with the current trans-

formers to disable the inverter when an output short circuit exists° The sys_

ternis disabled for approximately 0.7_ second each time the one-shot is trig-

gered. In the event of a continuous short circuit, the system is cycled on and

off continuously with an average output current well below the design value.

The inverter returns to normal operation within approximately 1 second after

removal of the short circuit condition.

DETAIL

A detailed description of the static inverter starts with the 24-volt reg-

ulator. A Darlington connection is used between transistors Q1 and Q2 where

transistor Q1 is the series regulating transistor. The Darlington connection

is used to increase the effective current gain, _, of the series transistor Q1.

Resistor R1 is used to supply the required base current to transistor @2. Zener

diode CR_ establishes the voltage reference for the regulator. The required

zener current is supplied from the regulated output voltage through resistor R2.

Zener diode CR3 is used to increase the effective voltage gain of the regulator,

thereby improving the regulation characteristics. Resistors R3, R4, a_ R_7

comprise a voltage divider to supply the control transistor Q3 with a feedback

signal. The emitter of transistor Q3 is at an essentially constant voltage.

If the output voltage rises, the base current of Q3 increases; therefore the

collector current of Q3 increases, causing the voltage at the base of @2 to

decrease. Thus, the output voltage decreases, and regulation is accomplished.

Potentiometer R4 is used to set the output voltage to the design level. Capac-

itor C1 is used for filtering the noise purposes.
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The tank of the slne-wave oscillator is comprised of inductor LI and ca-

pacitors C2, C3, C4, and C5. Capacitor C5 is selectable to achieve a resonant

frequency of 400 cps. The choice of the type of capacitors and the type of

inductor was based upon the stability required of these components in the par-

ticular application. Transistor _4 is the active element in the oscillator.

Resistors R5, R6, R7, and R8 are used to set a stable operating point for tran-

sistor Q4. The oscillator feedback signal is inserted at the junction of re-

sistors R7 and R8, and the output signal is taken from the same point.

The zero phase Class A amplifier is composed of transistors Q8, Qg, and

QlO. Transistor Q8 is connected in a conventional manner for voltage amplifi-

cation. Positive feedback from the output current transformer T3 is coupled

through resistor R22 to the emitter of transistor Q8. The Darlington connection

s used again with transistors Q9 and QlO in an emitter follower configuration

to obtain a low output impedance. Transformer T1 is used for voltage gain and

for coupling from the Class A stage to the Class B stage.

The output amplifier is of the Class B type to improve the inverter effi-

ciency and thereby indirectly reduce the power dissipation in the output tran-

sistors. The theoretical maximum efficiency for a Class B stage is approximately

78.5% whereas that for a Class A stage is 50%. Transistors Q13 and Q16 are

paralleled with identical transistors to provide the required output power. A

triple Darlington connection is used on each half of the Class B stage to pro-

vide the required current gain, and the emitter follower connection is used to

yield a very low output impedance. Resistors R25, R26, R27, and R28 insure that

thermal runaway does not occur. Diodes CR16 and CR17 and resistor R24 establish

sufficient bias to reduce crossover distortion. D_odes are used so that the

bias voltage is predictably variable with temperature changes. Thus, the DC

standby current through the output transistors (Q13 and Q16) is additionally

stabilized.

A phase shift circuit which consists of resistors R60, R40, R62, and ca-

pacitors C13 and C14 is used to phase shif_ the reference phase 90°. Tempera-

ture stable components are chosen to insure a stable phase shift. Potentiometer

R40 is used to set the total phase shift to 90° . Potentlometer R39 is used to
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set the output voltage of the 90° phase to 26 volts rms. To attain a constant

phase shift through the phase shift network, a fixed high impedance is used to

couple the output signal from the network to the next voltage amplifier. An

emitter follower stage composed of transistor Q19 and resistors R_l, R&2, and

R44 is used to provide the required buffering.

The Class A amplifier and the Class B amplifier are the same as those in

the zero phase channel.

Short circuit protection is accomplished with a one-shot mulcivibrator

which, when activate_, disables the Class A amplifiers in both channels f The

active components in the one-shot are transistors Q17 and Q18. The time in-

terval in the transient state of the one-shot is determined by resistor R35 and

capacitor Cl2. Diode CR21 and capacitor C19 are used to prevent f_Lse trigger-

ing from possible transients on the 24-VDC line.

I-5

1966018035-008



!

Figur_ I-l. Sehematlc_ Static
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vez'_e_ Subassembly (Sketch 7k2-B-lO)
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B. DC POWER S_PPLY

ELECTRICAL DESIGN PABAMETERS

The +Ig-VDC supply provides a nominal output current of 900 ma with a de-

sign capability of 7_jOma The -19-VDC supply provides a nominal output cur-

rent of 400 ms with a 790-ma design capability.

The nominal 19-volt output level uf both supplies is adjustable over a

limited range from approximately 13.8 to 16.1 volts. This is accomplished by

potentiometer R9 (or RgA) in the attenuator network at the base on the si_lal

side of the first differential amplifier.

The output voltage regulation of both supplies is 0.1% (maximum for an

output load variation of one-half to full load). Output reEalation of 0.1% _s

obtained over a temperature operating range of 32°F to 140°F. Output voltage

i f ripple content is not greater than 9 mv rms.

Short circuit protection is provided for both the +lg-VDC and -19-VDC

supplies.

GENERAL

The DC power supply includes the +lg-VDC and -19-VDC regulated supplies

: (see Figure 1-2). The input power for the +I_-VDC supply is provided by the

system +28-VDC supply (batteries)o The -19-VDC supply input power is supplied

! by the static inverter unit. Transformer T1 has a single primar_ and a center-

I tapped secondary winding. The primary winding is connected to the +90° phase

i of the 26-volt rms two-phase output from the static inverter unit. The center-

' tapped secondary is connected to a full-wave rectifier circuit. The output of

i the full-wave rectifier circuit is fi."tered by a single section choke input
i

filter. The components of this filter are shown as choke L1 and capacitor C1.

i The voltage output from the filter section is then applied to the input of a

! series regulator circuit.

_ The series regulator circuits in these supplies require hlgh-galn feedback

_, circuits in order to obtain well regulated +l_-VDC and -l_-VDC output voltages.

These supplies are the sources of DC input power to many critical control cir-

i cults in the FACS system.
i

i
I
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SERIES REGULATOR CIRCUITS

The output voltage from the choke input filter in the -15-VDC supply is

applied to a series regulator circuit. In the +l_-VDC supply 3 the system bat-

tery voltage is applied directly to a series regulator. The series regulator

circuits for the +l_-VDC and -15-VDC supplies are mechanically and electronic-

ally identical. The components of each regulator circuit are mounted on a sep-

arate circuit board assembly.

In the -l_-VDC regulator, the average voltage output from the choke input

filter is approximately 24 volts. Transistor Q2 (or Q_&) drives the base of

Q1 (or QIA) in a Darlington circuit configuration for increased currcnt gain_

The remainder of the regulator feedback loop consists of a two-stage differen-

tial amplifier.

A portion of the regulated output voltage is differentially compared with

a reference voltage source in the first differential amplifier stage (both

halves of Q4 or Q4A). The reference source is a 6.2-volt zener reference diode

CR3 (or CR3A) connected to the base of the reference half of the first stage°

This diode is a type 1N827 which has an extremely low voltage temperature coef-

ficient of 0.001% per degree centigrade. To obtain this low temperature coef-

ficient requires a relatively constant reference current through the diode of

approximately 7 milliamperes.

The differential output from the first amplifier stage Q4 (or Q4A) is

dlrect-coupled to the base of the second differential amplifier stage Q3 (or

Q3A). A slngle-ended output from the second differential amplifier stage is

dlrect-coupled to the base of the first transistor Q2 (or QnA) of the Darllngton

output connection. The Darlington connection provides increased current gain

between the second differential amplifier and the series regulator transistor

Q1 (or QIA).

Both transistors of each differential amplifier stage are contained in a

single electronic assembly which is a purchased item supplied from the manu-

facturer (Fairchild Semiconductor Corp.) as a type 2N2223A. This permits both

transistor Junctions to be subjected to almost identical temperature variations.

I-8
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Then, critical transistor parameter variations due to temperature changes can

be closely controlled so that the electrical performance of the differential

amplifier stages can be closely predictable over a wide range of temperature.

The advantages obtained in using a common electronic assembly such as the

2N2223A for differential amplifier applications are indicated by the following

specification:

a. Differential base-to-emitter voltage between both transistor sections.

(VBE1 - VBE2) : 0.005 V (max)

b. Differential base-to-emitter voltage change with temperature between
both transistor sections.

(AVBE1 - AVBE 2) = 25 _v/°C (max) from -55°C to +125°C

c. DC current gain ratio between the transistor sections.

0.90 g _ g l.ll

d. Relatively high DC current gain for each section at low collector
current levels.

= 5.0V
hFE = 15 (min) at Ic = O.O1 ma and V c .

These precise transistor assemblies are required in the differential am-

plifier stages to obtain a properly functioning feedback loop so that very

stable output voltage regulation and low ripple can be obtained over a wide

range of operating load conditions and temperatures.

The operation of the +IS-VDC series regulator can be described briefly as

follows:

a. Assume the +IS-VDC output increases an incremental amount.

b. A portion of this voltage change is applied to the base of Q4A by

means of the resistor divider R3A, RgA, and RIOA.

c. This causes an increase in Q4A collector current through RTA which
decreases the voltage at the base of Q3A. At the same time, there is
a decrease in the collector current through the reference half of Q4A
which increases the base voltage on the reference half of Q3A.

d. The base voltage changes in the second differential pair Q3A cause
the Q3A collector current through RIA to increase, which decreases
the voltage at the base of QgA.
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e. A decrease in Q2A base voltage causes a corresponding decrease in QIA
base voltage. This results in a decrease in QIA emitter voltage which
is the +l_-VDC output voltage buss. This decrease cancels the initial
incremental output voltage increase.

Operation of the -l_-VDC series regulator is exactly the same as that of

the +l_-VDC regulator described above. The only difference between the two

supplies is the method of connection to the missile electrical system for ob-

taining the correct polarity. In the +l_-VDC supply, the emitter of the series

transistor QIA is the +lg-VDC distribution buss. In the -15 VDC supply, the

emitter of the series transistol Q1 is grounded and the center tap of the trans-

former secondary winding is the ._-VDC distribution buss.

Resistor Rll and transistor Q5 provide short circuit protection for the

-l_-VDC supply. The short circuit protection for the +IS-VDC supply is provided

by RIlA and QSA.

i-I0
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_igure I-2. Schematic, DC Power Supply
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;sembly(Sketch742-B-20)
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C. PROGRAMMER

GENERAL

The programmer subassembly contains all system logic and sequencing re-

quired for the IACS. The programmer subassembly includes the necessary logic/

timing circuitry for coast-time delay# maneuver-comma_ storage, gyro-torquing,

target viewing time, and program sequence control.

A patchboard panel is incorporated in the progrq_mmerto provide maximum

flexibility with minimum time required for programming. The patchboard panel

consists of a printed circuit matrix where the vertical and horizontal strips

are on opposite sides of the board. Small screws connect a horizontal and a

vertical crossing point to effect a program function.

Program functions that are patched include the sequence, axis, and direc-

._ tion for each maneuver, and the sequence of hold times on each target. Duration

of each "hold" is determined by selected fixed resistors. Maneuvers and hold

times can be patch-programmedin any sequence desired. The programmer schematic

is shown in Figure I-3 and the component layout in Figure I-4.

I_ROG_ OPERATION

Initial Conditions at power turn-on, in Ledex position 12, are as follows:

a. Coast Time Delay - deactivated

b. "AND" No. i: Input i - gro_mded

c. "AND" No. 2: Input 3 - grounded
Input 4 - +19 volts

d. "AND" No. 2: Input 1 - grounded
Input 2 - +15 volts

e. Fllp-Flop No. l: QlO - ON
Qll - OFF

f. Fllp-Flop No. 2: Q15 - OFF
Q16 - o_

g. Fllp-Flop No. 3: QI7 - OFF
o3.8- ON

1-12
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h. Q8 andQ24 - OFF

i. Q4- hard ON

J. QI2 - hard ON

k. 0he-Shot Multivibrator: Q6 - OFF
Q7 - ON

i. All relays - as shown

m. Ledex switch - as shown

Activation of the vehicle "g" reduction switch applies +28 VDC to the coil

of relay K1, which self-latches and activates the 9 _ 1 second coast time delay

circuit. At the completion of the RC-controlled time delay, base 1 of the uni-

Junction transistor Q1 becomes positive and supplies a gate voltage to SCR Q2,

thereby actuating relay K2. Relay K2 self-latches and arms the despin and roll

control valves by supplying the necessary +28-VDC power. A second function of

K2 is the removal of an inhibiting ground to input 1 of "AND" No. 1. This is

the first step in the progression of the programmer sequential logic.

The "AND" No. 1 gate has two inputs, the first of which has already been

discussed. The other possible inhibitor, input 2, is removed anytime the ve-

hicle is captured in roll as indicated by a positive voltage. When both inputs

to "AND" No. 1 are positive, the base of transistor Q3 becomes positive, turning

Q3 hard ON. As a result, a positive output voltage appears on the emitter of

Q3. The output of "AND" No. 1 is the first of three gate outputs which permit

progression of the program sequence. The positive output of "AND" No. 1 applies

a bias to the base of two transistor drivers in the lAGS control electronics

that actuate two self-latching relays, which in turn change the IACS from a rate

mode of operation to a positlon-plus-rate mode, and in addition change the roll

rate gain. The positive output of "AND" No. 1 is also used for input 3 of "AND"

No. 2.

A positive output for "AND" No. 2, at the emitter of transistor QS, is

achieved in much the same manner as the "AND" No. 1 positive output. Input

4 of "AND" No. 2 is positive whenever gyros are no___tbeing torqued by the pro-

grammer, and ground when _orquing is in progress. When pitch (input l) and yaw

1-13
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(input 2) capture signals are positive, together with input 3, the output of

"AND" No. 2 is positive. The positive output from "AND" No. 2 indicates com_.

pletlon of 30_xls capture° The first 3-axls capture signal produces a pulse

which triggers a self-latched SCR that enables the slaved-roll circuits in the

IACS control electronics. The positive output of "AND" No. 2 is also used for

input 1 of "AND" No. 3.

A positive output for "AND" No. 3 results when input 1 is positive and QlO

of fllp-flop No. 1 is hard ON. When QlO is hard ON, the collector of Qll is

positive, permitting the output of "AND" No° 3 to be positive whenever input 1

is positive. A positlve output from "AND" No. 3 provides an input bias for the

one-shot multlvibrator. A positive input to the base of transistor Q6 turns Q6

hard ON and turns the normally biased ON transistor, QT, OFF. When Q6 comes ON,

its collector voltage drops to near ground potential forcing flip_flop No° 1

.- transistor Qll to turn hard ON. When QII turns ON, _ts collector voltage drops

to a low level (essentially ground) and is used as an inhibitor to "AND" No. 3,

thereby removing the input to the one-shot multivibrator. Flip-flop No. 1 con-

tinues to prevent any further inputs to the one-shot multivibrator _qtil initia-

tion of gyro torquing b# the actuation of relay K3. When Q6 turns hard ON the

state of flip-flop No, 2 is changed such that Ql_ turns hard ON and Q16 turos

OFF. When Q16 turus OFF, its collector becomes posz_ive# which provides input

bias for transistor Q8; therefore Q8 and Q24 turn ON, activating KV and unshort-

ing the "hold time delay" capacitor in the feedback loop of the differential

amplifier.

Also, while Q6 is hard ON, the normal positive bias on the base of transis-

tor Q12 is removed and its collector becomes poslt_ve. The positive collector

of QI2 provides bias for a Darlington compound (Q13 and Q14) driver. The posi-

tive bias turns Q13 and Q14 hard ON, lowerlr_ their collectors to near ground

level, which advances the ledex switch one position.

The collector of Q6 remains in the state described above for approximately

100 milliseconds; then Q7 returns to its normal ON state which turns Q6 OFF.

The input bias to QI2 is thereby re-applled, turni_ Q12 hard ON, and turning

Q13 and Q14 OFF, which relaxes the ledex.

I-_4
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When the ledex is advanced, ledex deck No. 2 applies +19 VDC to the "hold

time delay" circuit. This +l_ VDC can be applied either through a selected time

delay resistor or directly to the hold time delay circuit. When applied dl-

rectly, only _00 milliseconds elapse before an output occurs from Qg. For a

more detailed description of the Hold Time Delay, see Section 0 of this appendix.

When the hold time delay is completed, base 1 of the uniJunction transistor

Q9 becomes positive, which changes the stat_ of fllp-flops No. 2 and No. 3. When

the state of flip-flop No. 2 changes, the collector voltage of Q16 drops, re-

moving the input bias to Q8, thereby reinstating the short across the hold time

delay capacitor by turning Q8 and Q24 OFF. Q8 and Q24 remain OFF until the next

ledex advance pulse from the one-shot multlvibrator. When fllp-flop No. 3

changes state, the collector of Q18 becomes positive, providing input bias for

the Q19-Q20 Darllngton compound driver. The positive input bias turns Q19 and

Q20 hard ON, thereby actuating relay K3 which inltlatc_ _ro torquing.

The functional logic of relays K3, K4, K3, K6, and K8 is as follows:

K3 Deactivated: Maneuver torquing is no_____tin progress.

a. Applies +l_ VDC to input 4 _f "AND" No° 2.

b. Turns transistor Q4 hard ON, removing input bias to
flip-flop No. 1 transistor QlO.

c. Shorts the integrating capacitor in the variable time
torquing circuit.

d. Applies 26 V /00 and 26 V +_o to the SACS control
electronics •

Actuated : Maneuver torquing _n progress •

a. Applies an inhibiting ground to input 4 of "AND" No. 2,
preventing progression of program sequence until com-
pletion of maneuver torquing.

b. Turns transistor Q4 OFF, thereby changing the state
of fllp-flop No. 1 by turning QlO hard ON, which ap-
plies a positive voltage to Inp,lt 2 of "AND" No. 3,
permitting progression of the program sequence when
roll-pitch-yaw cepture has once again been satisfied.

c. Unshorts the integrating capacitor in the variable
time torquing circuit.

d. Removes the 26 V/0 ° and 26 V /+90 ° to the SACS con-
trol electronics.

e. Applies maneuver torquing voltages to the contacts of
relay K4.
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K9 Deactivated : Applies CW maneuver torquing voltages to the voltage and
current monitors of the variable time torquing c_rculto

Actuated: Actuated only when a CCW maneuver is desired. Applies CCW
maneuver torquing voltages to the voltage and current moni-
tors of the variable time torquing circuit.

K6 Deactivated: Signifies that the maneuver axis is roll.

a. Applies maneuver torquing voltages to the roll gyro
inner gimbal torquer motor control and reference
windings.

b. Grounds input to inner glmbal gyro compensation net-
work (dlode function generator)

Actuated: Signifies that the maneuver axis is either _.Itch or ___w.

a. Applies maneuver torquing voltages to %he contacts of
relay K8.

b_ Applies input to inner gimbal gyro compensation network

from contacts of relay KS.

K8 Deactivated: Signifies that the maneuver axis is either roll or pitch.

a. If K6 has been actuated, K8 applies ma_:eaver torquing
voltages to the roll gyro outer gimbal torquer motor
control and reference windings.

b. Applies the pitch position synchro signal to'the con-
tacts of K6.

Actuated: Signifies that the maneuver axis is yaw. K6 is also
actuated.

a. Applies maneuver torquing voltages to the s]aved roll
gyro outer gimbal torq_er motor control and reference
windings.

b. Applies the yaw position synchro signal to the contacts
of K6.

K__4 Caging Relay
Deactivated: Applies +28 VDC to the coll of relay K3.

Actuated: Removes +28 VDC f_ coll of relay K3, preventing maneuver
torquing of the gyros, and applies +15 VDC to fllp-flop No.
3, turning Q18 hard ON if K_ is actuated while maneuver
torquing was in progress. (This latter requirement is for
ground test only.)

@

Whenever K3 is actuated, a gyro will be precessed tarough some selected

angle. The currents applied to the gyro torquer motor windings are monitored

by two current transformers, one for each torquer winding, and applied at a
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weighted level to "theintegrating operational amplif:er. The torquing voltages

are monitored, weighted, and applied; along with a positive constant voltage, to

the integ__tor. Integrating these weighted terms compensates,by _lterlng the

torquing time, for variations in torquing voltage as well as for variations in

current drawn by the torquer motor windings due to temperature changes.

The integrator output is compared with a reference voltage apklied for each

program position. There are ten reference voltage potentiometersallowing for

five 2-axis maneuvers to be programmed.

When the outputs of the integrator and the reference voltage ar_ of equal

magnitude and opposite polarity, the differential amplifier 921 actuates the

Q22-923 Schmltt-type trigger. A3 a result, the normally ON transistor, @23,

turns OFF and its collectorbecomes positive. This positive signal is applied

to fllp-flop No. 3 (the base of 9/8) which turns QI8 hard ON, removing the input

bias to QIg. Q19 and 920 turn OFF. deactivating relay KS, which stops the gyro

torquing. To continue the program, 3-axls capture must occur, thereby adv_uclng

the ledex one more posltion.

When making a maneuver in either pitch or yaw, the respective position

synchro signal is app[ ed to the diode function generator. The diode function

generator output is applied to the variable time torquing circuit integrator to

compensate for inner glmbal lag angles when torquing in pitch or yaw.
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D. IACS CONTROL ELECTRONICS

GENERAL

The IACS control electronics subassembly contains the IACS roll, pitch,

yaw, and slave roll control channels as well as the IACS roll, pitch, and yaw

capture detectors. A schematic diagram of the IACS control electronics subas-

sembly is shown in Figure I-9 and the component layout in Figure I-6.

PITCH CHANNEL

The pitch control channel accepts two gyro inputs: the pitch position

error signal from the pitch position gyro, and the pitch rate error signal from

the pitch rate gyro.

Pitch position error voltages are applied single ended to the primary wind-

ing of a Microtran Co., Inco, _@_-27FB step-up transformer. The transformer

secondary is center-tapped and has a step-up ratio of 1 to 3°23 from full pri-

mary to the center tap. Transformed error voltage is applied to the input ter-

minals of a phase-sensitlve full-wave demodulator and also returned to the Junc-

tion box. Gyro output signals ar_ 400-cps voltages which are either in phase

or 180° out of phase with the static inverter 0° phase. Since the demodulator

is referenced to 0° phase it converts its input signal to an 800-cps full-wave

rectified voltage having an average DC value either positive or negative depend-

ing on the phase relationship to the reference. The demodulator output voltage

is fed via a 22/( isolation resistor to the Junction box for telemetry. The

full-wave rectified demodulator output is filtered by a 2-section RC filter.

Each section consists of a 10K series resistor and a 1-_f shunt capacitor.

Gyro error level detection has two possible modes of implementation in the

breadboard system. The pitch error signal is applied to the input of an AC

amplifier (Burr Brown 1_03) whose output is returned to the Junction box. The

mode of operation of level detection is determined by Jumper selection in the

Junction box. Connection thru the amplifier (P12-24 Jumpered to P12-23 in the

Junction box) provides galn before being applied to an absolute value circuit

which activates a half trigger, Figure I-2C_at an error voltage corresponding

to 0.40 °. Connection directly from the _-27 FB secondary (P12-22 Jumpered to

P12-23 in the Junction box) provides trigger activation at 2.0°. Trigger acti-

vation is termed pitch capture.
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The output of the absol._tevalue/half trigger combination actuates relay

KI through a Darlington-connectedtwo-translstor relay driver. It also is sent

to the Junction box (P12-4)to provide a pitch capture signal to the programmer.

Relay KI serves to remove the short around one of the series resistors which

determine the rate gain of the pitch channel. A signal to telemetry (28 VDC)

at pitch capture is delivered by KI also (P13_33).

Pitch rate gyro output (P12-20) is applied to a buffer amplifier to present

a constant impedance load to the rate gyro synchro. It is then voltage ampli-

fied by the _-27 FB transformer and demodulated in precisely the same manner

as the position error signal.

Both the pitch rate gyro and position gyro outputs (after demodulation and

filtering) are resistively summed at the input to a Burr Brown 1903 operational

amplifier. To prevent saturation of the DC amplifier, biased diodes (IN4_7 and

voltage divider of 8.2K and 820 Q) cllp the amplifier output at about 2.0 volts.

The 3-megohm feedback resistor and the rate and position summing resistors ac-

curately determine the DC gain of the operational amplifier. See Figure

for block diagram of pitch axis scaling of LACS and SACS. A capacitor in par-

allel _it_ the feedback resistor provides additional filtering at the output of

the amplifier.

The output of the operational amplifier can be positive or negative depend-

ing on the amplitudes and polarities of the operational amplifier inputs. This

output is connected to the input of a full trigger, Figure 1-19. This network

contains two identical trigger channels designed to trigger at i volt. A posi-

tive input signal triggers one channelwhile a negative signal triggers the

other. Each trigger channel drives a Darllngton-connectedpair of transistors

(2N696 and _I_) _'hichcontrol the operation of the pitch 6%;and CC_ valves.

The Darllngton valve driver collectors are connected to +28 VDC through the

Junctionbox and in series with the proper pitch valve solenoids. The driver

emitters find ground through a INII2_A blocking diode and relay K7 In the roll

control channel. Relay KV is enabled and latched by the action of the roll C_

driver which places a ground at the relay coil. Enabling of _ occurs at the

end of despln. The foregoing logic permanently enables the pitch channel. It
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is also possible to conditionally enable the pitch drivers by activating relay

K6 and K8 from the GSE through P12-8. Relay K6 places ground on the driver

emitters and simultaneously removes the +28 VDC from the valves. DC voltage is

applied in the GSE through indicator lights to the driver collectors. Relays

K6 and K8 then allow the status of the pitch channel drivers to be monitored

during caging without valve actuation. Relay I(.9is used to keep the pitch posi-

tion error input to the summing point of the operational amplifier at ground.

This permits pitch channel operation in a rate only mode during roll capture

after despin valve turnoff. Relay K9 is activated through a relay driver

(2N6_6) by the roll capture logic signal. Self-latching of K9 may be accom-

plished by Jumperlng P12_30 and P12-31 in the Junction box.

'. YAW CHANNEL

The yaw control channel is identical to the pitch channel. The yaw channel

processes the position error signal from the yaw position gyro, and the rate

error signal from the yaw rate gyro. As in the pitch channel, the yaw channel

provides the following:

a. A yaw position demodulator output signal for data transmission in the
telemetry system.

b. A filtered yaw position demodulator output signal for the SACS system.

c. A yaw capture output signal for use in the programmer.

d. A yaw capture logic output signal for data transmission in the telem-
etry system.

As in the pitch control channel, there is provision for decreasing the

rate gain of the yaw control channel when a condition of yaw capture has been

attained.

The pitch channel description also describes the action of the yaw channel.

ROLL CHANNEL

The roll channel is identical to pitch and yaw channels with the following

exceptions :
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a. Relay K3 used to change rate gain at roll capture may be latched if

P12-28 and P12-29 are Jumpered in the Junction box. Normally K3 will
be energized by the roll capture signal applied to P12-6. A 9R_6_6
relay driver actuates the relay. This roll capture signal is also
used to operate relay K9 in the pitch acd yaw channels as previously
described. A 28-VDC signal to telemetry signifying roll capture is
also provided through K3.

b. Relay K7 is used to disable the large despln valve at the end of de-
spin and enable the normal roll CW control valve. Completion of the
coast time delay applies 28 VDC to P12-7. In the de-energized state
K7 permits actuation of the despln valve (P12-17) and the roll CCW

(P12-14) valve. However, only the despln valve driver is energized
because of the fixed sense of the vehicle spin rate.

Upon reduction of the vehicle spin rate to the point where the opposite

(CCW) valve is actuated (corresponding to intersection of the phase plane

switching line), a ground is applied to the K7 coll through a _645 blocking

diode and the CCW driver transistor. This allows K7 to be en_ rgized arA latched

through its own contacts.

SLAVE ROLL CO_I_OL CHANNEL

The slave roll control channel processes the position error signal from

the slave roll gyro for controlling the phasing of the control and reference

voltages which torque the slave roll gyro to a null position.

The position error output from the slave roll gyro is applied to an input

transformer similar to the pitch and yaw channels. The full-wave rectified

output of the demodulator is filtered by a 1-_f capacitor to ground. The de-

modulator output is sent to the telemetry system through a series resistor which

prevents loading the demodulator output in the event of a possJble failure in

the telemetry system. The demodulator output is applied to the input of a full

trigger circuit through an operational amplifier with a gain of 7. One trigger

channel is activated by a positive input signal, while the other triggers on a

negative input.

The outputs of the two trigger channels in the full trigger network each

drive a pair of relay driver output transistors. For a given input polarity to

the full trigger network, one pair of output driver transistors and its asso-

clated relay (K4) are energized, thereby applying the 26 volt rms/90 ° static
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I inverter phase to the control winding and the 26 volt rms_ phase to the ref-
erence winding in the torquer section of the slave roll gyro. A full trigger

I input signal with the reverse polarity causes the other transistor pair and
associated relay K_ to become energized, thereby reversing the phasing to the

i reference and control windings in the slave roll gyro.
The emitters of the 2N6_6 output driver transistors are connected to a

i 2N2323 SCR gating circuit. The SCR is effectively an open circuit until an armslave roll input signal is received. This signal is generated when p_tch, yaw

and roll capture have been attained simultaneously. The ar.u slave _oll input

I signal is applied to an input network at the gating terminal of the SCR. This

network contains a biasing circuit which applies a negative hold-off potential

I to the gating terminal the biasing circuit contains a diode which
of SCR. The

clamps the negative hold-off potential to approximately 0.6 volt. The hold-off

I potential guarantees that the SCR will not trigger due to spurious transients or
operation at high temperatLu_s. This circuit also contains a filter capacitor

I which provides additional protection for bypassing spurious transient voltages• on this llne which might inadvertently trigger the SCR. The SCR is shorted

through P12-18 by the GSE when caging.

1.
Another output is sent to the GSE console, which indicates when the slave

roll control channel is at null (P12-9). This is done by connecting a set of"back" contacts on each relay (in series) to the 26 volt rms/O° static inverter

phase. At null the slave roll null output llne is connected to the 26 volt rms

I supply through the contacts. If either relay is energized when the slave roll

system is not at null, the circuit is interrupted.

I_
.

[
[
!
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Figure I-5. Schematic, IACS Control Electronlcs Subassembly
(Sketch 742-B-40)
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Figure I-6. Layout, IACS Control Ele(
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Subassembly (T42-641207)
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! E. SACS CONTROL ELECTRO_[[CS

I, GENERAL
I

The SACS control electronics subassembly contains the SACS pitch and yaw
r

: control channels, gyro torquing channels_ position error level detector chan-

i nels, as well as the time delays and logic circuitry required for SACS opera-r
l tion. A schematic diagram of the SAdS control electronics is shown in Figure

I I-7 and the component layout in Figure I-8.

• The SACS control circuits for pitch and yaw are identical. The output

signal from the solar sensor is applied to the input of a DC operational am-

plifier which is connected to provide lead-lag characteristics to the amplified

sensor signal. The amplifier output is directed to trigger circuits which con-

trol the action of a pair of Darllngton compound driver circuits. The drivers

are connected in series with the SACS control valves° Operation of a driver

completes the ground circuit for one valve°

• The SACS gyro torquing channels for pitch and yaw are identical in design.

The output signal from the solar sensor is summ._dwith the demodulated position

gyro output signal at the input to a DC operational amplifier. The amplifier

output is directed to trigger circuits which control the action of a pair of

Darllngton compound driver circuits. The drivers are connected in series with

the gyro torquing relays, K2j K3 and KT, ESo Operation of a driver completes

the ground circuit for one torquing relay. The relay contacts are wired to

provide appropriate 26 VAC phase to the contxDl and reference windings of the

position gyro torquers.

Pitch and yaw have identical gyro position error level detector circuits.

The output signal from the position gyro is amplified by an AC amplifier _Burr

Brown 1503), rectifled, s_Idapplied to a half-trlgger. When the rectified sig-

nal is below a level corresponding to a gyro position error of 0.4% the half

trigger _rovides a positive output voltage.

The timer and logic circuits provide for enabling the SACS and for auto-

matlcally transferring control from the IACS to the SACS. Fllp-flop No. 4 re-

ceives signals from the programmer which enable the SACS circuits at the start
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of a hold period and disable them upon start of gyro torquing. "AND" No. 4

provides an output which starts time delay No. 1. This time delay in conjunc-

tion with time delays No. 2P and No. 2Y (pitch and yaw, respectively) provide

outputs which control the progression of changeover to SACS control.

Caging relays K9 and KlO are operable from the GSE. Energizatlon of these

relays isolates the SACS torquing relays from the gyro torquers and permits ap-

plication of voltage to the pitch and yaw gyro torquers from the GSE.

OPERATION

The SACS circuits are inactive at all times except when SACS operation is

desired during an IACS holding period. In the FACS starting position (ledex

position No. 12), fllp-flop No. 4 is held in a state where transistor Q17 is

conducting. The collector of Q17 is at a low voltage and thus input 1 to "AND"

No. 4 is near ground potential. Without this input, SACS operation is prevented.

A change in state of flip-flop No. 4 occurs when the programmer ledex

switch advances into a position wherein a hold period is programmed. As the

ledex advances, +15 VDC will appear at one of the inputs P14-9 through -13.

The application of this voltage to a pulse generator results in a positive pulse

to fllp-flop No. 4. This will change the state of fllp-flop No. 4 and cut off

Q17. With Q17 cutoff, a positive voltage is applied at input i of "AND" No. 4

and at the base of transistor Q16. Thus the first necessary condition for "AND"

No. 4 is present, and the Darllngton driver (Q16, Ql_) is enabled.

Operation of time delay No. 1 occurs when the following inputs are present

at "AND" No. 4.

a. Fllp-flop No. 4 has Q17 cutoff and a resultant positive voltage ap-
pears at input 1.

b. The absolute value of both pitch and yaw gyro output signals are lower
than the level established by the half-triggers and a resultant posi-

tive voltage appears at inputs 2 and 3, respectlve1¥.

In the breadboard FACS, inputs 2 and 3 to "AND" No. 4 may be provided in

two ways. The SACS control unit incorporates, for both pitch and yaw, the nec-

essary circuits for level detection of the position gyro outputs. In yaw, the
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i
! position gyro output is applied to an AC amplifier, rectifier, and filter, and

i agplied to a half-trlgger. The half-trlgger output P14-3_ can be Jumpered to

' P14-36, thus providing input 3 to "AND" No. 4. Alternatively, the IACS half

; trigger output can be Jumpered to P14-36o The objective of this configuration

: is to permit evaluation of both the "single-level detector" and "dual-level
I

F detector" approaches.
I
I Time delay No. i is activated when positive voltages are present at the

three inputs of "AND" No. 4. This condition permits charging of the time-delay

; capacitor from the +I_-VDC supply. When the delay interval is complete, a posi-

tive voltage appears at the base of transistor QI2 and the driver combination

Q12, Ql_ conducts, thereby energizing relay K_. If any of the "AND" No. $ in-

puts are removed during the time delay No. 1 interval, the timer is _mmedlately

reset.

The stellar sensor start signal is produced by activation of "AND" No. 6

and time delay No. 3. "AND" No. 6 and time dela_ No. 3 operate in identical

: fashion to "AND" No. 4 and time delay No. i (pr ously described) to activate

relay driver combination Q18, Q19 to energize relay _Lo Thl s relay provides a

contact which completes a circuit that can be used for ste_r sensor startup. .

Both relays K_ and K1 employ one of their own contacts to permit energiza-

tion of their coils through driver combination Q16 and Ql_. This driver main-

• tains the relays energized continuously until a change in state of fl_p-flop

No. 4 cuts off QI6. Thus subsequent removal of "AND" No. 4 (or "AND" No. 6)

inputs 2 and 3 does not de-energize K1 or K_.

The other contact of K_ removes an inhibiting ground from "AND" No. _P and _:

"AND" No. _Y (input i in each case) and provides a ground to enable the relay

drivers QI through Q8.

Energlzatlon of K_ removes 28 VDC from P15-3_ signifying closure of the

SACS torquing loops.

The gyro torquing control relays are operated by the Darlington compound

i drivers (transistors Q1 through QS). The pitch full trigger provides a positive

voltage a_ the base of either Ql or Q2, depending on the sign of the stained
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inputs to the DC amplifier, if the amplifier output exceeds the trigger level.

A positive voltage applied to the base of Q1 results in turning Q1 and Q9 hard

ON, thereby completing the ground circuit for the E2 coll and permitting the

relay to actuate. TorquJ ag of the pitch gyro occurs while K2 is actuated. The

direction of precession as such as to reduce the summed inputs to the amplifier

to a low value. Similar operation of K3 produces gyro precession in the oppo-

site direction. When the DC amp3ifier output is below the trigger level, both

K2 and K3 are de-energized. The yaw drivers and relays operate in an identical

fashion. Energ_zation of either torque control relay E2 or K3 removes 26 V /0°

from P1_-37. Similarly, energization of either KV or E8 removes 26 V /0° from

P1_-33.

Valve switchover operation is identical for pitch and yaw. As noted,

energization of It_removes an inhibiting ground from input 1 of "AND" No. _P

and "AND" No. 5Y. At any time thereafter, when input 2 is present (gyro error

below half-trigger level), time delay No. 2P or No. 2Y is activated. The half-

triggers will normally produce no output for several seconds after activation

of gyro torquing (K_ energization). This is because the gyros are being torqued

in a direction which wiI_ result in target acquisition and gyro errors may ex-

ceed the half-trigger levels during this time. As acquisition nears completion,

the half-triggers apply positive voltages at input 2 of "AND" No. _P and/or

"_D" No. 5Y. With both inputs present, the capacitor in time delay No. 2 is

permitted to charge from the 19-VDC supply. If this condition persists for the

time-delay interval, the relay drivers (Qg-QII in pitch; QlO-Q13 in yaw) conduct

and provide a grounding circuit for the valve sw_tchover relays (I{4in pitch;

K6 in yaw) and these relays are energized.

These time delay circuits also have fast reset capability. The pitch and

yaw time delay and driver circuits are ir_ependent so that the change-over se-

quence proceeds as rapidly as possible in each channel.

Actuation of relay K4 applies 28 VDC to the SACS pitch solenoid valve coils

and removes 28 VDC f-om the IACS pitch solenoid valve coils. Relay K6 provides

the same function _or the yaw solenoid valve coils. Energization of I{4applies

28 VDC at P15-36 for mcnltoring purposes. Energization of ¥j6applies 28 VDC

at P1_-34.
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When relays K4 and K6 are energized, turn-on of the SACS solenoid valves

is controlled by Darlington drivers. The full triggers preceding the drivers

: produce turn-on of the appropriate driver whenever the amplified solar sensor

output signal exceeds the trigger level. The resultant solenoid valve actuation

! produces a reaction force on the vehicle in such a direction a_ to reduce the

solar sensor output. Attitude control by the SACS continues as ] _ng as a pro-

grammer hold condition persists.

The SACS is deactivated automatically by starting to toz_ue the gyros to

I the next target. If gyro torquing is programmed to occur at the end of the

hold period, a ground appears at P14-8 and changes the state of fllp-flop No.

4. This turns Q17 hard ON. With Q17 conducting, the Q16-Ql_ driver is cut off

and the inhibiting ground is restored at input 1 of "AND" No. 4 and "AND" No. 6.
I

K1 and K_ de-energize. When K5 de-energlzes the torque control relay drivers

are disabled by opening of their grounding circuit and the inhibiting ground is

restored at input 1 of "AHD" No. _P and "AND" No. 5Y. The valve swltchover

! drivers are cut off and relays K4 and K6 de-energlze, thereby removing 28 VDC

: from the SACS valves and reapplylng it to the IACS valves.

Caging the gyros from the GSE is accomplished by relays K9 and KlO. Relays

K9 and KlO are energized when gyro caging is initiated from the GSE. Energlza-

tlon of K9 connects the pitch torquer windings (P15-21) and (P15-22) to the GSE

(P14-1T) and (P14-18). The SACS torque control relays K2 and K3 are separatedI

from the torquer windings. Relay KlO performs similarly in yaw.I
i

i

I

I

i

I
i

I
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Figure 1-7. Schematic, SACS Control Electronics Subassembly
(Sketch742-B-_0)
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Figure I-8. Layout, SACS Control E1
(Sketch 742-641208
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ics Subassembly
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l F. TELEMETRY SIGNAL OONDITIONING

The telemetry signal conditioning subassembly contains the circuitry re-

i quired to monitor and condition all FACS signals prior to beil_ delivered to
the telemetry system. All signals are conditioned 0 to +5 VDC. A schematic

l diagram of the telemetry signal conditioning subassembly _s shown in Figure I-9
and the component layout in Figure 1-10.

l All FACS telemetry calibration data appears in Appendix VI.

1
!
!
1
I
!
!
II
!
!
!
!
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Figure 1-9. Schematic, Telemetry Signal ConditioningSubassembly
(Sketch 74_-B-90)
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Figurel-lO. Layout,Telemetry
(Sketch
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Signal Conditioning Subassembly
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i

G. JUNCTION BOX

The Junction ("J") box is the FACS power distribution and subassembly In- !

terconnectlon center. The system harnessing is an integral part of the "J" box. :

A latching relay for system switchover from the GSE power supply to the vehicle

FACS battery supply is also incorporated into the "J" box. A schematic diagram

of the "J" box is shown in Figure 1-11 and a physical layout in Figure 1-12. i

I
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H. ROLL STABILIZED PLATFORM

The roll stabilized platform establishes the FACS three-axis inertial ref-

erence. In the attitude control of spin stabilized rocket vehicles, significant

improvement in gyro performance can be achieved by isolating the gyros from the

spin environment. The Space-General Corporation roll stabilized platform (RSP)

accomplishes this isolation.

The platform gimbal servo is composed of the roll-pltch gyro outer gimbal

synchro, a resistive summing network, a servo amplifier, a servo motor-tachometer,

a platform driven synchro, and the drive gearing. All components are mounted

internally.

The servo is null seeking and acts to reduce the angle between the roll-

pitch gyro outer glmbal and the gyro case (or platform) to zero. Damping is

,-provided by resistively summing the tachometer signal with the gyro signal prior

to amplification. The two-phase servo motor mounted on the moving platform

drives the system to null through suitable gearing.

A s&mc_zromounted between the platform and the vehicle provides a measure

of the angle between the platform and vehicle. This synchro output is summed

with the roll gyro synchro output to produce a vehicle control system signal

unaffected by platform dynamics.

A schematic of the RSP is shown in Figure 1-13.

Io I
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The rate gyro subassembly contains three mutually orthogonal rate gyros.

Rate gyros are used in the FACS for IACS rate feedback damping in the roll,
pitch and yaw control channels. A schematic diagram of the rate gyro subas-

sembly is shown in Figure 1-14.
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J. FACS BREADBOARD GSE SY_M DESCRIPTION

GENERAL

The FACS GSE system cons_'sts of equipment for support of FACS test and

checkout. The GSE is connected to the FAC$ through an umbilical cable and a

test cable (see Figure 1-19). The latter cable is used for monitoring func-

tions during laboratory checks only. Refer to Figures 1-16, 1-17 and 1-18 for

the schematic diagrams of the FACS GSE system.

The functions of the GSE system are to:

a. supply external 28 VDC to the FACS

b. provide eperatlng control of the FACS

c. provide both normal and offset caging control of the FACS

d. provide visual indication related to FACS operation

e. p_'ovlde test points for monitoring FACS voltages

GSE

The main power supply is required to supply +28 VDC to the FACS flight

system as an external power source. This supply is utilized primarily for sup-

plying power to the FACS; +28-VDC power for GSE circuits is provided by a sepa-

rate GSE +28-VDC power supply. The main power supply has the following minimum

characteristics:

a. Current capacity - 2_ amps

b. Output voltage - 0 VDC to 36 VDC

c. Line regulatio_ - 0.05% max

d. Load regulation - 0.05% max

e. Ripple - 1 mv (rms) max

The output voltage is adjustable by means of a voltage control potentiometer.

The auxiliary power supply provides +28 VDC operating power to the GSE con-

trol circuits and to the GSE indicator lamp circuits. This power source is iso-

lated from the main power supply. The electrical specifications for the auxil-

iary power supply are as follows:
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a. Current capacity - 2 amps

b. Output voltage - +28 VDC

c. Line regulation - 0.05% max

d. Load _ gulatlon - 0.05% max

e. Ripple - i mv (1_ns)max

The +_I_-VDCsupply provides operating power to the GSE caging and control

circuits. The auxiliary 28-VDC s_pply supplies power to the +IS-VDC regulator

circuit. The -l_-VDC supply receives its power from the 60-cycle line. The

series regulators utilized here are identical to that in the FACS flight system.

,,COnSOLcn cui

THE FACS POWER COI_ROL SELECTOR consists o_ a double pole three positioni,,i, i

switch. Position 1 is the off position. Position 2 applies +28 VDC to one

coil of the FACS power switchover latching relay, which in turn _pplies the

external +28-VDC power to the FACS. Position 3 transfers the +28 VDC to the

other coil of the FACS latching relay, which switches the FACS to internal

power. The ammeter on the console is used for indicating FACS externally sup-

plied DC current only. The GSE operating power is applied to "._eGSE circuitry

by a relay which is energized when the GSE power control selector is on either

the external or internal power position.

THE PROGRAM START SWITCH simulates the actuation of the vehicle "G" reduc-
, , ,,,,,,i HI

tion switch which initiates operation of the FACS coast time delay circuit by

energizing a self-locking relay in the FACS programmer. This switch applies

+28 VDC to this relay.

• _ PROGRAM ADVANCE SWITCH applies ground to the negative terminal of the

programmer ledex coil which steps the ledex to the position desired by the GSE

operator.

THE PROGRAM S_P SWITC_ applies a ground to the "AND" No. 3 circuit of the

progrannner,which inhibits any signal from firing the one-shot multivibrator

that turns on the ledex driver transistors. With this switch actuated, the
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J
ledex cannot step automatically,but can be stepped manually by the Program

Advance switch. A section of this switch is in series with ___.e Maneuver Start i

switch (describedbelow) so that a maneuver cannot be manually started unless

the program has been manually stopped at the GSE.

THE MANEUVER START SWITCH applies +28 VDC to fllp-flop No. 3 of the pro- !

grammer and sets it to its required state for starting a maneuver. This switch

can start a maneuver only if the Program Stop switch is in the program stop

position.

TEE ERROR TEST SWITCH supplies +28 VDC to K6 and _ of the IACS control

electronics. Energizing these relays closes contacts which connect the valve

driver emitters to ground. In the GSE, this switch supplies +28 VDC to one

side of all the valve indicators.

TEE CAGE SWITCH is a momentary-type push button switch that energizes a

GSE caging relay. The contacts on this relay perform the following functions |

when the relay is energized. |

a. Allows a +i_ VDC no-torquing voltage from the FACS programmer to turn |
on a driver that supplies ground to the output drivers in the pitch,

yaw and roll GSE caging control channels.

b. Supplies +28 VDC to the FACS to energize the proper relays required
to cage the system. This voltage is also supplied to one side of all |
the GSE valve indicators. |

c. Supplies a ground to the slave roll output drivers which energize |
relays that cage the FACS slave roll gimbal. This ground is also Lused to energize the cage slave roll indicator circuit in the GSE. J

Offset caging level and direction is accomplished by a selector switch/ I

potentiometernetwork in each caging control caannel. Operation of this net-

work is described below. !

PITCHCAQ: a i

The function of the pitch caging channel is to accept the error signal of J

g

the pitch gyro and process it to drive the pitch gyro to its null. This caging

system is capable of cagii_gthe gyro to the vehicle body axis or to a desired

offset position.
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The two methods of caging are herein designated as the 2-wlre and 3-wire

(synchro) methods. To select the desired method, a three-pole, two-positlon

switch is used. In the R-wire configuration, an error voltage from two stator

windings of the pitch gyro synchro is applied directly to the pitch control

channel. In the 3-wire method, error voltages from all three stator windings

of the pitch gyro synchro are utilized by connecting the gyro stator windings

to a synchro control transformer in the GSE. The resulting voltage across the

GSE control transformer rotor is then applied to the control channel.

The pitch error signal sensed, either during a 2-wlre or 3- ire operation,

is applied to the primary of an input transformer. The center-tapped secondary

is connected to a demodulator circuit whose output is filtered through a two-

section, low-pass RC filter.

The filtered DC error signal from the pitch demodulator filter section is

fed to a Burr Brown operational amplifier with appropriate feedback. At the

input of the amplifier, a variable DC bias voltage of either plus or minus can

be applied for the purpose of offset caging using the 2-wlre method _ The caging

bias network consists of a three-posltion selector switch and a potentlometer.

The magnitude of the offset caging angle depends on the setting of the poten-

tlometer. The direction of offset caging (CW or CCW) is determined by the

selector switch which connects the potentiometer to either the +l_-VDC or -l_-

VDC supply. The middle position on the selector switch is an o_n position for

use when using either normal caging cr 3-wire offset caging.

The output of the pitch operational amplifier is applied to a dual channel

full trigger circuit such that when the input signal is positive, an output

signal is obtained from one of the trigger channels. When the input is nega-

tive, an output is obtained from the other channel. At input voltage levels

very close to zero, neither trigger channel is energized.

Each output of the pitch full trigger circuit is connected to a relay

driver. When a driver is energized, a set of relay contacts close, applying

the 13 V /0° phase voltage to the pitch gyro reference winding and the 13 V

+_o phase voltage to the pitch gyro control winding, thus driving the gyro

back to null. When the pitch error is of the opposite polarity, the other relay

driver is energized and contacts of this relay apply the opposite phases to the

control and reference windings of the gyro.
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To prevent caging voltages from being applied to the gyros when they are

being torqued, a cage enable circuit in the GSE must be energized prior to the

application of any caging voltages. This interlock circuit, which consists of

a driver pair, furnishes a ground to the emitters of the GSE roll, pitch, and

yaw relay drivers when energized. The energizing of this circuit de_nds upon

the cage switch on the GSE so that, when the switch is depressed, the torquing

output circuit from the FACS is applied to the base of the driver pair. The

logic of the torquing output circuit is positive when not torquing, and ground

when torquing. Th!s logic Is used for turning the GSE cage enable driver pair

on or off, respectively.

A lamp is provided to indicate a pitch nall when caging° The pitch null

indicator lamp is on when there is no output signal from either side of the

full trigger circuit (i.e. gyro error is within torquing deadband).

GSE ROLL CAGING _L

The roll caging control channel is identical to the pitch cagi_g control

channel.

GSE YAW CAGING CHANNEL

The yaw caging control channel is identical to the pitch caging control

channel.

ELECTRICAL MEASUREMENTS

The external +28-VDC current supplied to the FACS from the GSE is monitored.

The metering circuit consists of an ammeter placed in series with position 2 of

the Power Selector switch. In this position, the meter is reading the current

drawn by the FACS in external power only. In the other two positions of the

switch, the ammeter is out of the circuit.

There are twelve monitor test points for conveniently measuring pertinent

FACS voltages. These voltages are as follows:

a. Pitch Error

b. Yaw Error

c. Roll Error
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d. Slave Roll Error

e. 26-V Offset Reference

f. Battery

g. +28-VDC Buss

h. +i_ VDC

i. -l_ VDC

j. 26v/0°

% v

1. Read-Out Return

The FACS GSE system incorporates a Measurement Selector switch which con-

venlently enables making AC ratio measurements of pertinent FACS control system

voltages with external Ratlometer equipment* connected to the Ratlometer input

Jacks. These FACS control voltages are the roll, pitch and yaw error signals.

The ratios of these signals are obtained with respect to the 26-V offset ref-

erence voltage which functionally is the 26 V /0° phase of the static inverter.

In addition to conveniently arranging AC ratio measurements, the measure-

ment selector switch also readily permits measuring many of the monitor test

point voltages, and external DC or external AC voltages directly with the ex-

ternally available Ratlometer equipment.

GSE INDICATION CIRCUITS

THE START POSITION INDICATOR lamp, when llt, indicates that the FACS pro-

grammer ledex is in position 12, the starting position. The programmer provides

a +28-VDC signal when the ledex is in this position.

THE PROGRAM POSITION INDICATOR is a voltage measuring device that indicatesJ,,,,•

the position of the progra_ner ledex switch. On one deck of the ledex there

*This Ratlometer equipment is not part of the breadboard GSE.
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are eleven 499 ohm + 1% resistors, one placed across each of the twelve posi-

tions. Position one is connected to +9 VDC, and ground is connected to posi-

tion twelve. Since the ledex arm is the output, the voltage at the indicator I

will vary from +5 VDC to ground in twelve equal increments.
45
£

THE ROLL, PITCH AND YAW (CW AND CCW) INDICATORS (six total) are enabled

only when the Cage or Error Test switch is depressed. When either switch is

depressed, any of the valve drivers that is energized causes its corresponding

GSE indicator lamp to become lit. i

THE ROLL, PITCH AND YAW _0LL INDICATOR circuits use a t_'ostage lamp driver

for logic inversion. An "OR" gate preceding the lamp driver circuits causes

the indicator lamp to go off if the gyro error signal exceeds the deadband es-

tablished by the full trigger. When gyro error is within the deadband, the

second stage of the lamp driver conducts and the lamp goes on. These indicator

lamps indicate the null of the GSE caging channels only (not necessarily the

gyro nulls), i
THE SLAVE ROLL NULL INDICATOR indicates a null if both relays in the FACS

slave roll control channel are de-energized. In this state, 26 V _o is applied

to the GSE through K4 and K9 of the IACS control electronics for ene_glzlng

Ithe lamp.

THE SLAVE ROLL ARM INDICATOR circuit consists of two transistors whose {

logic is such that a ground at the IACS control electronics slave roll drivers

energizes the lamp. This indicator is on when the Cage switch is depressed or

when slave roll is armed.

THE DESPIN I_DICATOR circuit includes two transistors and an indicator

lamp. The two transistors operate as a logic "AND" circuit. Before and during

coast time delay, the arm roll and despln lines are grounded, keeping the lamp

driver de-energlzed. Immediately _ufterthe coast time delay, and prior to turn-

off of the despin valve, the arm roll and despin lines are at +28 VDC, energiz-

ing the driver and lamp. After vehicle despin valve turn-off, arm roll is at

+28 VDC and the despin llne is at ground, de-energizlng the lamp driver. The

lamp therefore, when energized, indicates that the FACS circuit condition is

that prevailing during despin.
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THE TORQUING INDICATOR circuit includes a two stage lamp driver that re-

quires a ground signal input for energizing the lamp. When an FACS gyro is

being torqued, a relay _losure in the programmer provides a ground signal to

the Torquing indicator, energizing the lamp. When not torquing, a +l_-VDC sig-

nal is received which causes the lamp to remain de-energlzed. This torquing

signal is also used to generate a logic gate used in the Maneuver Direction and

Maneuver Axis indicator circuits.

THE ROLL CAPTURE INDICATOR circuit includes a two transistor lamp driver

that requires a +28-VDC signal input for energizing the lamp. When the FACS is

captured in roll, K3 (in the IACS control unit) energizes, providing a +28-VDC

signal to the transistors. When not in roll capture, the signal from K3 is a

ground, causing the lamp to remain de-energlzed.

THE PITCH AND YAW CAPTURE INDICATORS each consist of an indicator lamp in

series with a limiting resistor. One side of both lamps is tied to ground, so

that a _28-VDC signal is required to energize these lamps. When the FACS is

captured in either pitch or yaw, relay closures in the FACS provide a +28-VDC

signal to the particular indicator.

THE ROLL, PITCH AND YAW MANEUVER INDICATORS are single transistor lamp

drivers that are gated with two functions. One gate input is received when

the programmer ledex is in the particular maneuver position and the other when

the FACS is torquing. The torquing gate is generated by the Torquing indicator

circuit. When the FACS is torquing, this circuit provides a ground to the

emitters of the Maneuver indicator circuit drivers enabling them to energize

when a +28-VDC maneuver signal appears at the input to the driver base circuit.

THE CW AND CCW _ DIRECTION INDICATORS are gated by the torquing

gate logic. When the torquing gate is present, the Maneuver Direction lamp

drivers have their emitters grounded. A +28-VDC signal is received for a CCW

maneuver or an open circuit for a CW maneuver.

SACS OPERATING iNDICATOR is a two transistor lamp driver. The input

required to energize the lamp is a positive signal provided from the SA_$ when

the system has received its start signal. With the SACS inoperative, the out-

put of this line is near ground.
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THE TORQUE LOOP CLOSURE IHDICATOR uses a two stage lamp driver for logic

inversion. Torque loop closure is indicated by the application of a ground

signal when K_ in the SACS is energized. With K_ de-energlzed +28 VDC is ap-

plied to the first stage, holding the lamp de-energized.

THE PITCH LOW-THRUST (CW_ Ccw AND NULL) INDICATOR circuits consist of

three lamps, in addition to logic dlodes'!:_:_• a single transistor operating as

a logic "NOR" circuit. ;_nen a low thrust CW valve is active in the SACS, a

ground is applied to the pitch CW lamp, which becomes energized, and also to

one of the gates. The "NOR" transistor, being inhibited by the presence of a

6round at one of the gates_ causes the Null lamp to remain de-energized. For

a C_ valve, the logic process is the same. When no valves are active, both CW

and CCW lamps are off and the inputs to the "NOR" circuit are appropriate for

energizing the "NOR" transistor, causing the Null lamp to become llt.

THE YAW LOW-THRUST (CW, CCW AND NULL) INDICATOR circuits are identical to

those in th? pitch indicator circuits described above.

THE SACS PITCH AND YAW TORQUE NULL INDICATOR circuits each consists of an

indicator lamp in series with a limiting resistor. The null indicator energizes

with the application of 26 V /0° which is provided by the SACS when both relays

K2 and K3 (or K7 and EB) are de-energized. The relays in this state represent

a pitch (or yaw) torque null.

THE LOW/HIGH THRUST ENABLE INDICATOR circuits include two stage lamp driv-

ers for controlling indicator lamps. With SACS relays K4 (for pitch) and K6

(for yaw) de-energized, the pitch and yaw high thrust enable-lndlcator drivers

are energized by the low thrust driver collectors due to the absence of signal

at the input of the low thrust driver. When the relays energize, +28 VDC is

applied to the low thrust enable-lndicator drivers energizing them and turning

the high thrust drivers off.

NOTE

The test cable, as well es the umbilical

cable, must be connected to the FACS in

order to monitor SACS functions.
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I

CONTROL CHANNEL_

( REFERENCE PROJECT DWG 742 -D- 30 )
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_" 1-17. Schematic, Overall GSE (Sketch 7_2-D-10)
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K. FULL

The triggers designed for the FACS have stable triggering points with trig-

ger hysteresis within well defined limits. With very little hysteresis, the

valves will tend to chatter, and with excessive hysteresis the control dynamics

will be adversely affected. A standard Schmltt trigger tends to have a somewhat

unpredictable hysteresis, and its trigger point is temperature-dependent. A

differential amplifier with a fixed reference voltage as one input can be used

as a stable comparator. Thus, the trigger point of the trigger can be primarily

determined by the differential amplifier when used as a comparator. The output

of the comparator can then be coupled to a more or less standard Schmitt trigger.

The system triggers are designed in this way (see Figures 1-19 and 1-20). The

2N2223A transistor is especially designed for differential amplifier applica-

tions, and this transistor is used for the ccmparator. Thus, a stable and pre-

dictable trigger point is assured. In addition, the trigger hysteresis can be

changed by changing the voltage gain of the comparator. This is most easily

accomplished by changing the values of resistors R2 and R3 between the emitters

of the 2N2223A transistor Q1. Essentially the same trigger is used for negative

input voltages as is used for positive input voltages. This flexibility is

readily possible due to the versatility of the differential amplifier connection.

With a zero-volt input signal, transistor Q1 is off and transistor Q2 is

on. The collector of Q2 is at approximately zero volts, transistor Q5 is off,

and transistor Q6 is on. The voltage at the collector of Q6 is approximately

4 volts. Zener diode CR3 does not conduct, and the trigger output signal is at

zero volts. As the input signal increases positively, transistor Q1 begins to

conduct when the base voltage of transistor Q1 approaches the base voltage of

transistor Q2. The sum of the collector currents of Q1 and Q2 is always essen-

tially constant. As transistor Q1 begins to conduct, transistor Q2 starts to

turn off, and the collector voltage of 92- increases. Transistor Q5 is turned

on when the voltage at the base of Q1 is approximately equal to the voltage at

the base of 92. At this time the trigger exhibits an output signal. Since the

voltage at the base of transistor Q2 is adjustable, the trigger point is ad-

justable. Transistors Q5 and Q6 with the associated resistors comprise a stand-

ard Schmitt trigger. Zener diode CR3 is used to make the output zero volts
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when transistor Q6 is on. Otherwise, the no-output condition would be +4 VDC.

Resistor Rl_ and diode CR_ clamp the output to zero volts or a slightly negative

voltage even In the presence of normal leakage currents through Zener diode GR3.

For negative input signals which approach the magnitude of the voltage at

the base of transistor Q4, transistor Q3 begins to turn off from its normally

saturated state. The negative trigger exhibits an output when the voltage at

the base of Q3 Is approximately equal to the voltage at the base of Q_.
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L. ABSOLUTE VALUE CIRCUIT

A change in gain occurs in the system when the vehicle error decreases

below about 2.0°. However, the swltchover to the limit cycle mode, which occurs

at this tlme3 should not occur if the vehicle rate is too high. A two transis-

tor (Q1 and Qn) absolute value circuit is included as part of the logic trigger

to prevent a capture signal wlmn the vehicle goes through a zero-positlon error

point with a high rate (see Figure 1-21).

Posltlon-gyro synchro signals are coupled to the absolute value circuit at

resistor R1. Transistor Q1 is sensitive only to the positive half cycles of

the input signal. Resistor E1 establishes a high input impedance and limits

the base current of transistor Q1. During the positive half cycle of tae input

signal, transistor Q1 draws base current, and therefore collector current, caus-

ing transistor Q2 to draw collector current also. The collector current of

transistor Q2 is essentially e_aal to (_i)(_2)(I)in " The collector current

of transistor Q2 causes capacitor C1 to charge toward a positive voltage. Dur-

ing the negative half-cycle of the input signal, transistor Q2 is turned off.

Capacitor C1 then begins to discharge through resistor R2 tow_rd -i_ VDC. How-

ever, the time constant is such that the amount of discharge is insignificant

during the half-cycle (of 400 cycles) that transistor Q2 is turned off. As

capacitor C1 attains a positive charge, transistor Q1 conducts for a progress-

ively shorter portion of the input signal period because the emitter of Q1 is

biased up by the capacitor voltage. The steady-state value is attained when

capacitor C1 has charged to the peak value of the input signal. If the input

signal is interrupted or caused to decrease rapidly, the capacitor discharges

through resistor R2 until the input signal reappears or until the trigger point

of the logic trigger Is reached. This is the point where a capture signal oc-

curs. However, if the amplitude of the position gyro signal should increase

sufficiently before the logic t"Igger point is reached, the capacitor again

charges up an_ no capture signal occurs. This metL,_d reduces unnecessary gain

changes and relay chatter prior to valid vehicle capture. In addition, over-

shoots are minimized.
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Diode CRI clamps the emitter of transistor Q1 to ground, preventing nega-

tive voltages at the emitter of Q1. Diode CR2 is used to prevent transistor Q1

from cherging capacitor CA directly. Resistor R3 is used to limit the maximum

collector current of transistor Q2. The time required for capacitor C1 to dis-

charge from +l_ VDC to the trigger level of the logic trigger is about 2.1

seconds.
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M. BUFFER AMPLIFIER

The rate gyros must be loaded_ for optimum operation, with a fixed, resis-

tive impedance of i0,000 ohms. A one transistor buffer amplifier is used to

couple the output of each rate gyro to a demodulator circuit (see Fig_,re1-22).

The input impedance of the amplifier is determined primarily by resistors

RI and R2 with only a second order effect from the input impedance of transistor

QI. Capacitor Cl is used to decouple the DC voltage at the base of QI from the

rate gyro. The value of CI was chosen so that the capacitive reactance at 400

cycles would be negligible in comparison to the input impedance of the ampli-

fier. Resistors R1, R2, and R3 set a DC operating point of about +2 VDC at the

output of transistor Q1. A slightly positive operating point was chosen to bias

the polarized capacitors C1 and C_2properly. The value of capacitor C_2is such

that the capacitive reactance at 400 cycles is negligible compared to the input

impedance of the demodulator.
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N. DE_0DULATOR

The demodulator is used to convert the position and rate gyro signals,

which are 400-cycle slne-wave voltages, to full-wave rectified signals. The

demodulated signal is then filtered to obtain a DC voltage the amplitude of

which is proportional to the gyro output signal. The polarity of the DC signal

is dependent on the phase of the gyro error signal. A schematic of the demod-

ulator is shown in Figure 1-23.

Reference for the demodulator is obtained from the static inverter 26-VAC

zero phase. The required base current limiting resistance for the 2N498 tran-

sistors (Q1, Q2, Q3, and Q4) is in series with the secondary windings of the

reference transformer T1. Four transistor switches are used in the demodulator,

and the operation requires that two of the switches be closed while two are

open. Four transistors are used instead of two because the saturation voltages

of the transistors can be made to very nea21y cancel if the transistors are

matched in pairs. Thus, it is possible to detect lower amplitude signals with

the four transistor demodulator. In addition to a lower offset voltage, the

output signal from the four transistor combination is less temperature-dependent

than the two transistor equivalent. Diodes CRI, CR2, CR3, and CR4 are used

from the base to the emitter of each transistor to protect it from reverse volt-

ages which occur each half-cycle of the reference voltage.

Operation of the demodulator can b_ explained by postulating an input sig-

nal which is in phase with the reference voltage. During the positive half-

cycle of the reference signal, base current flows through transistors Q1 and Q2,

and these transistors are switched into the on condlt_on. At this time the

emltter-to-base Junctions of transistors Q3 and Q4 are reverse-blased, ana the

transistors are non-conductlng. The input signal ls connected to the output

through saturated transistors QI and Q2, and thls signal is a positive half-

cycle sine wave because of the In-phase condition. During the negative half-

cycle of the reference signal, transistors Q1 and Q2 are switched off, and

transistors Q3 and Q4 are switched on. However, the input signal will have

reversed in phase, and a positive half-cycle sine wave appears at the collector

of transistor Q4. Since transistors Q3 and Q4 are switched on, another positive

half-cycle appears at the output. Thus, the steady-state output signal is a

full-wave rectified signal with a positive DC average equal to about .636 times

the peak of the sine wave.
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0. HOLD TIME DELAY

Selectable tlme delays up to 4._ minutes are required in the FAGS. A Burr-

Brown operational amplifier, type 1_03, is used to generate the required delays.

A schematic is shown in Figure 1-24.

A delay is initiated from the stepping switch contacts through selectable

timing resistors. A voltage is developed across resistor R4, and a current

flows through resistor R3. This same current flows through resistor Rn, thereby

developing a well defined voltage across resistor Rn. Since the open-loop volt-

age gain of the amplifier is quite high (20,000), the voltage across resistor

R1 must be equal to the voltage across resistor En. Therefore, the current

through resistor E1 is equal to the current through resistor B2 since the two

resistors are equal in value. It is established from operational amplifier

principles that essentially no current flows into the input of the amplifier.

Thus, the current through capacitor C1 must be equal to the current through

resistor El. With a step voltage input, the output signal from the amplifier

is in the form of a ramp, the slope of which will be directly proportional to

the current through capacitor C1. The ramp signal increases until the trigger

point of uniJunction transistor Q1 is reached. Thus, a time delay is effected

from the step input signal.

A stable time delay of 4._ minutes can be obtained because of the very low

input current drifts of the type 1_03 amplifier and because capacitors can be

obtained with extremely low leakage currents. Time delays within the range of

_00 milliseconds to 4._ minutes can be obtained wlth this circuit. For _00

millisecond delays, resistor Rll is coupled directly to the input of the

amplifier.

At the completion of a time delay period, a signal is generated at the

output of transistor Q1 which resets a fllp-flop in the programmer. The signal

from this fllp-flop causes transistors Q2 and Q3 to turn off. Programmer relay

KV then de-energizes, and capacitor C1 is discharged. The relay is again ener-

gized at the next step of the stepping switch, and a new time delay is initiated.
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P. OPERATIONAL AMPLIFIFP.,

Several mathematical operations are required in the system such as addi-

tion, scale changing, integration, etc. The Burr-Brown type 1903 operational

amplifier is used to fill these various requirements. The stated specifica-

tions for the type 1903 include the following:

DC voltage stability

Input offset + .3 mv

Drift vs temperature + lO _v/°C

Drift vs supply + 200 _v/%

Drift vs time _+ 20 _v/24 hours

Bandwidth 1 mc

DC voltage gain (open loop) 20,000

The position signals and the rate signals from the gyros, after demodula-

tion, are added by making use of the Burr-Brown operational amplifier. The DC

output signal from the amplifier is the desired position plus rate signal which

is then coupled to the system triggers for proper valve actuation. In-flight

gain switching is readily possible with the operational amplifier. Offset cag-

ing voltages from precisely regulated sources in the console are summed into

the operational amplifiers with the proper scale factor values being set by the

summing resistor values at the amplifier.

These operational amplifiers are also used in the SACS control unit in the

SACS valve circuits, the torque _ontrol circuits, and the level-detector circuits.
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Appendix II

BREADBOARD FACS PARTS LIST

Unless otherwise indicated,

a. All resistor values are in kilohms

b. All capacitor values are in microfarads.

c. All inductor values are in henries.

CONTENTS

A. Static Inverter

B. DC Power Supply

C. Progra_ner

D. IACS Control Electronics

E. SACS Control Electronics

F. Junction Box

G. Telemetry Signal Conditioner

H. GSE Overall

I. GSE Caging Control Channels

J. GSE DC Power Supply
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A. STATIC INVERTER

Sketch 7_-B-IO, Figure I-i.

...... u_,, ,,,

Part Designation Part No. Value Remarks

T_ansistors Q 1 2N656
- Q2 2_38

Q 3 2N338
Q 4 2_338
Q 5 2N656
Q 6 2_338
Q 7 2E2223A
Q 8 2N338
Q 9 2N656
QlO 2N1486
Qll 2N656
Ql2 2_486
Q13 STC1726
%14 2N656
_5 2_486
o.16 s_c1726
@.17 2N656
0.18 2_338
el9 2N338
_o 2_338
Q21 2N656
_2 2_486
_3 2N656
_4 2_486
_5 STCZ726
_6 2N656
_7 2_&486
_8 STCZ726
Q15A 8TC1726
QI6A STC1726
_SA STC1726
Q28A STC1726

Diodes CR 1 IN649
cR2 n_6_5
CR 3 IN938 9.0 V Zener
CR_ _9
CR 5 IN8_7 6.2 V Zener
CR 6 IN938 9.0 V Zener
cR 7 n_64_
c_ 8 n_64_
cR 9 _645
c:uo _649
cm_ n_6_5
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A. STATIC _ (Continued)

Part Designation Part No. . Value Remarks

Diodes CKI2 IN64_
c_3 _64_
CR14 SG22
CR15 Sa_
cBI6 sG_
CR17 8G22
CR18 11r_i _.i V Zen_r
CRI9 _64_
c_o _64_
cmz _6_
cm2 1_64_
0R23 INFgYA 9.1 V Zener

•Ca_ac,itors C 1 150DI06XOO39R2 i0 Sprague
C 2 XGI-I_3A 0.019 Electron P_ Jducts
C 3 PAG2-184A 0.18 Electron Products
C 4 XC_3-8_4B 0.8_ Electron Products
C 9 PAG2 Electron Products
C 6 150DIOSXOO3_A2 I Sprague
C 7 I_OI_I06XOO_gA2 i0 Sprague
C 8 I_OD476XO039S2 47 Sprague
C 9 I_GD476XO03_S2 47 Sprague
CIO 19ODIO6XO0_91_ i0 Slorague
CII I_ ODII.y6XO035Sg. 47 Sprague
C12 1_106X003_1_ 10 Sprague
C13 I_O_I04XOO35A2 0.i Sprague
014 15ODIO4XOO35A2 0.I Sprague
CI} 1901_76X00_$2 47 Sprague
016 190D476XO0_SS2 47 Sprague
c_7 15oI_04x00_5_2 0.1 S_rasue
018 15OD476XOO'35S2 4.7 Sprague
C19 150D476X0039S_ 4"7 Sprague
C20 I_OD!06XOO3_R2 i0 Sprague
c_1 1_o_7_xoo_ 0.47 S_rasue
(]22 l_OD106XOO_SR2 10 Sprague
C23 TES3OO-5ONX-P-I 300 International Elec Inc
C2_ CL37BJ300MN-3 30 International Elec Inc
c29 CL37BJI00MN-3 i0 International Elec Inc _

Transformers T i i_879 Hadley =,, ,,, ,,,

T 2 14880 Hadley i
T 3 14"t'14 Hadley I
T 4 i_879 Hadley I=
T _ 1_880 Hadley
T 6 14714 Hadley
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A. STATIC INVERTER (Contlnued),, ,, ,

Part Designation Part No. Value Remarks
,, , m ....... ,,,,

Transformers T 3A 14714 Hadley
T 6A 14714 Hadley

!nluctors L i MQA-12 i U.T.C.
|
ReSistors R I RC07GFI_3J i0

R 2 _N60B23T_F 2.57
R 3 _65_noF 5z_
R 4 3010P-1-10_ 1 Bourns
R _ EN60B3322F 33.2

, R 6 RN6OB1002F 10
' R 7 EN6OBIOOIF I

R 8 K:_60B4751F 4.75
R 9 RCOTGF47-J 4.7

, RI0 RN6OB2001F 2

_i _60B4321F 4.32
RI2 RC07GFI33J 13
RI3 3010P-I-105 I0 Bourns

R14 RN65Ej! llF 5 .ll
RI5 RCOTGFIf_J 1
m1 RCO7G_ZOJ 5_
RI8 RN60B9622F 56.2
R19 RN60B6191F 6.19

' R20 _60B100_F I0
_i RN6OB2001F 2

R22 Pa60_2:L2F 22.1
I_3 RC42GE531J 33(_
R24 RC20GF332J 3.3

_5 RCOTGFI0_J i
R26 RC07GFIOIJ i00_
I_7 RC07GFI0_J 1
R28 RCOTGFIOIJ 10C_
_9 _6CBTS00F 75_

, R31 RC07GF223J 22
R32 RCOTGF472J 4.7
R33 RCOTGFIO3J i0
R34 RC07GF223J 22

, R_5 ROOTOnO4J zoo
R36 RC07GF20_J 2
R)7 RC07GFIO4J i00
R38 RN65975OIF 7.5

I R39 3oloP-z-zo_ :_. Boum_
R_O 3OlOP-Z-5oe 5 Bour_
R_I RC07GF683J 68

, RI_. RC07GFI04J i00

II-4

1966018035-105



A. STATIC INVERTER (Continued)

Part D_signatlon Part No. Value Remarks

ResIstors R43 RN60BSll2F 51.1
_44 RCOTG_J 5.1

R46 RCOTGFI'_J 1
R47 _60B432_ 4.32
R48 _C07GFIO3J I0
R49 3010P-I-10e i0 Bourns
RSO RCi+2GF331J 33(1q
R51 R_OGF332J 3.3
R59 R_OTGFI0_J 1
R53 R_OTGFIOIJ IOOQ
R54 RCOTGFICeJ l
R55 RCOTGFIOIJ lO0n
R56 RN60B7500F 75_
R99 RN65EI00IF i

• R60 RN65E2431F 2 °43
"" R%I RCOTGF209J e Meg

Rge RN65EIgOIF 1.5
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B. DC POWER SUPPLY

Sketch 742-B-20, Figure I-2.

Part Designation Part No. Value Remarks

Transistors Q I 2N1486
Q 2 2N656
Q 3 2N2_3A
Q _ 21_2225A
Q 5 2N656
Q ]A 2m486
Q 2A 2N656
Q 3A 2N2223A
Q 4A 21_2225A
Q 5A 2N656

Diodes CR 1 IN538
cR 2 _58
CR 5 IN827 6.2V Zener
CR 5A 1N_7 6.2 V Zener

ResIstors R 1 RC07GF103J lO
R 2 RC07GI_352J 3-3
R 5 Im65F__SiF 8.25
R 4 _6oB15o_ 1.3
R 5 RN6OB150eF 15
R 6 RN6GB59elF 3.92
R 7 RN60B150_F 15

' R 8 Pm'6GBSeSIF 8.25I
l R 9 3010P-1-20_ 2 Bourns
, RIO RN65E3761F 5.75

ma 5%-_ AS-2-2W o.47n ZRC
R 1A RCOTGFI03J 10I

,J R 2A RC07GF552J 5-3
! R 3A RN65E_251F 8.25
I R 4A RN6OBISOIF 1.5
I R 5A mN6OB150eF 15

R 6A RN6OBSg21F 5.g2
R 7A RN6OB150_F 15
R 8A _6_5_ 8.25
R 9A 5010P-1-20_ 2 Bourns
mOA RN65_ST6LF 5.76
mn_ 5%-_ AS-2-2W 0.4_ n_c

!nductors L i 15239 0.i H_dley
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B. DC POWER SUPPLY (Continued)

Part Designation Part No. Value Remarks
,,,,, ..................

Transformers T 1 1_277 Hadley

Capacitors C 1 150D4T6XO035S2 47 Sprague
C 2 M_ 1-224 0.22 Electron Products

C 3 I_OD476XO03_S2 47 Sprague
C 2A M_-1-224 0.22 Electron Products

C 3A l_OD476XO035S2 47 Sprague
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C. PROGRAMMER

Sketch 742-B-30, Figure I-3.

i,J,,,

Part Designation Part No. Value Remarks

Relays K 1 79GB13R_4-A-_O0 Electronic Specialty
K 2 93GB13-4-A-4bO Electronic Specialty
K 3 103HB16-4-A-2_O Electronic Specialty
K 4 79GB13R-4-A-600 Electronic Specialty
K 5 93GB13-4-A-480 Electron-_c Specialty
K 6 103_B16-4-A-250 Electronic Specialty
K 7 79GB13R-4-A-600 Electronic Specialty
K 8 103HB16-4-A-250 Electronic Specialty

Transformers T 1 MMrl8-FB Microtran
T 2 C 683 Electro Winders

T 3 C 683 Electro Winders
T 4 M_F27FB Microtran

Switch S 1 SlOO19-023 Ledex

Transistors Q 1 2N490 Unijlmction
- q 2 2_97 scR

q 3 2N656
q 4 2_338
Q 9 2N656
Q 6 2N338
Q 7 2_338
q 8 2_338
Q 9 2N490 UnlJunctlon
QZo 2_338
Q_ 2N338
Q12 2N696
QI3 2N656
ql_ 2m486
_ 2_338
Q16 2_38
_7 2_38 ""
_8 2_338
_9 2_38
q2o 2m486
_l 2N2223A
_2 2_38
_._ 2_338
_4 2N696
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C. _ROGRAMMER (Contlnued)

Part Designation Part No. Value Remarks
I, , , ,, , _ ,,, , , ,

Resistors R 1 RN69Eg091F 9.09
R 2 RN69E169]._ 1.69
R 3 RN69E9763F 976
R 4 RN69E200_F 20
R 5 RN69E_231F 9.23
R 6 RN69E5231F 9.23
R 7 RN69E9231F 9.23
R 8 Pd,T69E3572F 35.7
R 9 RN69E9091F 9.O9I

] R10 RN69FA691F 1.69Ell RN69_gT63F 976
RLg. _60B866_F 86.6
R13 RN6CIE-_993F 259
R14 RN60B56e3F 969-
R15 RN65D1904F 1.9 Meg

_ R16 RN60B9931F 9.53
R17 RN69E2201F 2.2
_8 RN6936690F 669_
R19 RN69E7901F 7-5
_o RN69E324LF 3.24
Eel RN69E1004F 1 Meg
Ee2 lm_69_6,V.2F 96.2
Ee3 l_N69mO04F 1 Meg
Ee4 RN69E56e2F 96.2
m9 _N69mOO4F 1 mg
m6 EN60B4933K 453
Ee7 RCOTGF100J 10_
Ee8 ROOTS_04J 100
Ee9 RC07GFL0eJ 1
R30 RCOTGF-J Selected
R31 RCOTGF-J Selected
R32 RCOTGF-J Selected
R33 RC07GF-J Selected
R34 RN69E_lllF 9.ll
R39 _69_1_ 9.I1
R36 ROO7GFLO4J i00
R37 RCOTGnO4J lO0
R38 RC07GF332J 3.3
R39 ROOTGF39eJ 3-9 Meg
R40 RCOTGF101J i0_
R41 RO07G_I2J 9.1
R42 RCOTGF10_J 1
R43 RCOTGF681J 68_
R44 RC07GFI0_J 1
R49 99-9-143-203 20 Speetrol
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C. PROGRA_ (ContInued)

Part Designation Part No. Value Remarks

Resistors R46 55-9-143-203 20 Spectrol
R47 55-9-143-203 20 Spectrol
R48 55-9-143-203 20 Spectrol
R49 55-9-143-203 20 Spectrol
R_O 55-9-143-203 20 Spectrol
R_l 55-9-143-203 20 Spectrol

• R52 55-9-143-203 20 Spectrol
R_3 55-9-143-203 20 Spectrol
R_4 55-9-143-203 20 Spectrol
R55 RCOTGF3_2J 3.9
R56 3010P-I-10_ I Bourns
R_7 RCOTGF223J 22
R_8 RCOTGFS0_J 3
R59 _N60B4990F 499_ 1/8W
_0 RN6_4990F 49_ 1/8W
R61 RN60B4990F 499_ 1/8 W
R62 _60B4990F 499_ 1/8W
R63 RN60B4990F 499_ 1/8W
R64 RN60B4990F 499n i_8 W
R65 RN60B4990F 499_ 1/8W
R66 RN6GB4990F 499_ 1/8 W
R67 RN60B4990F 49_ 1/Sw

•R63 RN6GB4990F ' 499fl 1/8 W
R69 RN60B4990F ' 499n 1/8 W
RTO RCOTGFSGRJ 3
RTI RCOTGFIO3J i0
RT2 RCOTGFIO3J i0
R73 RCOTGFIO3J i0
R74 RCOTGF104J i00
R75 RCOTGF591J 39C_
R76 _COyGF681J 68_
R77 RCOyGF681J 68c_
R78 RCOTGEL03J i0
R79 RC07GFI53J 15
R80 RCOTGI_V52J 7.9
RS1 RC07GF222J 2.2
RS_ RC07GF223J 22
R83 RC07GF223J 22
R84 RC07GFI03J i0
_8_ _coyG_23J 22
R86 RC07GF223J 22
R87 RC07GFI03J i0
R88 RC07GF333J 33
_89 _coyeno3J lO
RgO RCOTGFI03J i0
Rgl RCOTGI_3J 75
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C. PROG_ (ContInued)

Part Designation Part No. Value Remarks

Res__Istors Rg2 RC07GF793J T3
R95 RCOTGFIO3J lO
R94 RCOTGF103J i0
R95 RCOTGF333J 53
R% _COTG_23J 22
R97 RCOTGFIO3J i0
R98 RCOTGF353J 33
R99 RCOTGgDI2J 5 oi

?

R100 RC07GFT52J 7.5
R101 RC07GFIO3J lO

$
RI0_ RCOyGFT_2J 7._
RIO3 R_OTGF104J iO0
RIO4 RCOTGFIO3J IO

BlO_ RCOTGFIO3J i0
R106 RCOTGF193J 19
RI07 RCOTG_O3J 2O
Rl08 RC20GF352J _"o3
RI09 RCOyGFI03J ')
Rl10 RCOTGFIO3J "J
Rlll RCOTGFT53J _3
RII2 RC07GFY53J I"3 "
RII3 RC07GFI03J i0
RII4 RC07GFI03J i0
RII9 RC07GFI03J i0
RII6 RC07GFIO3J I0
RII7 RCGTGFT33J 7_
Rll8 RCOTGF753J 79
Rll9 RC07GF103J lO
R120 RCOTGFI_3J lO

RI21 RC07GF273J 27
R122 RC07GFI03J i0
R123 RN60B190eF 19
m24 _6_E79o_ 7-9 |
R129 RN6OBIg0_F 19 !
RL_6 RN65NDOIF 7.5
R127 RCo_Gn54J 190 |
R128 RCGTGF273J 27 !
R129 RC07GF272J 2.7 L
R130 RO07GF272J 2.7 IRI31 RCOyGFI0_J 1
R132 RO07GF333J 33
R133 RCOTGF193J 19
R134 RC07GFI03J l0
I%139 KN69EIOOIF I

,,,,,,,,,,,...............

m
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C. PROGRAMMER (Continued)

Part Designation Part No. Value Remarks
,u, u

Capacitors C i 190DI06XO0351_ i0 Sprague
C 2 190D476X0039S2 47 Sprague
C 3 2DEl-104 .1 Electz'onProducts
C 4 2DEl-104 .1 Electron Products

C 9 190DI09XOO59A2 i Sprague
C 6 190D109XOO39A2 1 Sprague
C 7 2DEl-273 .0e7 Electron Products
C 8 2DEl-l(_4 .1 Electron Products
C 9 EP34313 9 Electron Products
ClO 190D476X0039S2 47 Sprague
ell 190D476XOO39S2 47 Sprague
C12" 190DI06XO059B2 i0 Sprague
C13 190D106XO0391_ i0 Sprague
C14 109D1076_2CegT2 100 Sprague
Cl9 150D106XO0391_ lO Sprague
C16 19ODI09XOO39A-_ 1 Sprague
C17 19ODIO3XOO39A2 i Spra_ue
C18 190DI99X(X_OA2 i.9 Sprague
C19 190D476X0039Se 47 Sprague
C20 19ODIOgXO039A2 i Sprs_ue
O21 190DIOSX0039A2 i Sprague
C22 190DlO_X0039A2 1 Sprague
023 2Dl-106D lO Electron Product_

Diodes CR i 1N649
c_2 _w649
cR3 1_649
cR4 i_649
c_9 1_649
CR6 _649
CR 7 _w649
O28 _@9
OR 9 1N649
OR10 1N649
cPaz _649
cm_ 1_649
cPa3 _w649
cm4 _649
CR!9 1N649

.6 _649
u_[ _649
c_18 1N649
cm9 _649
cmo _649
C_l 1N497

................. , ,,,,,,,,
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C. PROGRAMMER (Continued)

Part Designation Part No. Value Remarks
,......

Diodes CE_2 IN457
cRe3 1N457
cm4 1_645
cm5 i_649
cm6 _649

• cm7 _649
cm8 _649
cm9 _649
c_3o _649
c_31 _649
c_32 _649
CR33 1N649
cR34 _649
cR35 1_645
CR36 1N792A 9.6 V Zener
c_37 _w649
cR38 _649
CR39 IN649
cmo _649
c_41 _649
CR_ IN746A 3-3 V Zener
CR43 IN649
c_ _649
cR49 n_649
cR46 Lw6_9
CR47 1N649
cRY8 L_649
cR49 1_649
_o n_649
CRgl 1N649
CR92 IN792A 9.6 V Zener
6m93 _(_9
CR94 IN649
CR99 1N649
c_6 _9
CR97 1N792A 9.6 V Zener
C_8 1_649
CR99 IN649
CR60 1N649
CR61 _w649
cR62 _649
CR63 1NT_2A 9.6 V Zener
cR64 1_938
CR69 1N645
CR66 IN792A 9.6 V Zener
CR67 IN6k9
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D. IACS CGNTRGL ELECTRONICS

Sketch 742-B-40, Figure I-5.

,........ , ,,,,,,

Part Designation Part No. Value Remarks

Resistors R i C i00
R 2 RC07GFI04J lO0
R 3 RC07GF2 05J 20
R 4 RC07GF203J 20

R _ RC07G_SJ Z.5Meg
R 6 RC07GF155J 1.9 Meg
R 7 RC07G_312J 9.1
R 8 RC07G_312J 5.1
R 9 RCOTGI_I2 J 9.1
RI0 RC07GF312J 9 .I
RII RC07GFI03J i0
RI2 RC07GFI(P3J i0
RI3 RCOTGFIG3 J i0
RI4 RC07GFI(P3J i0
_5 _coTsn83J _18
_6 RC07G_73J 27
R17 RC0_GF183J 18
RIB RCOTGF273J 27
m9 RC07Gn83J 18

R20 RC07G_73J 27
R21 RCOTG_32 J 3.3
R22 _C07GF532 J 3 -3
_3 _coTs_332J 3.3
R24 RC07GFI03J i0
R2_ RC07GFI03 J i0
R26 RC07GFI03J i0
R27 RC07GFI03J i0
R28 RC07GF103J i0

R29 RO07GFI94J I_0
R30 _C07G_03J io
R31 ROOTGFIO3J i0
_2 _C07G_54J i_o
R53 RO07GF363J _6
R34 RC07GP363J 56
R35 RCOTGFI03J lO
R36 RCOTGFI03J lO
R37 RO07G_03J io
_8 i_COTGim_.o3J zo
R39 RC07GPI03J iO
i_4o _co?Gi,'io3J io
R4z _C07G_73J 27
R_. RO07GFI54J 150
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D° IACS CONTRQ5 ELECTRONICS (Continued)

Part Deslgnatlon Part No. Value Remmmks
,,,,, ,, ,,, , ,,

Res istnrs R43 RC07GF434J 430
R44 RC070_83J 68
R45 RC07GF683J 68
R46 _.C07GF]_84J 18o
R_7 RC070_43_ 43o
R48 RC07GF204J 200

R49 RCOTGF434J 430
R_O RCOTG_O4J 200
R_l RC07GF434J 430
_2 RCOTG_OgJ 3 _g
R55 RCO7GFS_eJ 8.2

R54 RCOTGF_IJ 82(_
Rg_ RCOTGF821J _(_
R96 RCOTGF822J 8.2

R57 RC07.GF303J 3 Meg
R_8 RC07GF3 0_J 3 Meg
R_9 RC07GF_0_.J 3 Meg
R60 RCOTGF82_ C 8.o
R61 RC07GF821J 8_,.fl
R62 RC07GF_22J 8,2

R63 RCOTGF821J _0Q
R64 RCOTGF822J 8.2
R65 RCOTGF_IJ 8_C_
R66 RCOTGF822J 8.2
P£7 RCOTGFSeIJ Seal
R68 RCOTGFS_2J 8.2
B%9 RCOTGF821J _C_
R70 RCOTGF8_eJ 8.2
RTI RCOTGF6_IJ 8_C_
R72 RCOTGFIO3J iO

R73 RCOTGF532J 3.3
R74 RC_gGFS_IJ _(_

R79 RC07GF2T2 J 2.7
R76 RCOTGF272J 2.7
R77 RCOyGF752J 7.5
R78 RC07GF_32J 7.9
R79 RCO7GF792J 7.5
R80 RCOTGF[92J 7.5
R81 RCOTGF752J 7._
R_2 RCOTG_792J 7.9
R85 Rc_TG_2J 7.9
R84 RCOTGF792J 7.5
R89 RCOTGrt52J 7.5
R86 RCOTGF7_eJ 7.5
R87 RCOirGF792J 7.9
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Do IACS CONTROL ELECTRONICS (Continued)

Part Designation .PartNo. Value I Remarks, , ,,,,,,,

Resistors R88 RCOTCF_52J 7.5
R89 RCO7GFT52J 7.5
EgO RCOTGF752J T-5
R91 RCOTGF_2J 7-5

R92 RCOTGF752J 7.5
R93 RCOyG]Ff52J 7.9
R04 RCOTGF732J 7 -5
R93 RCOTGFV32J 7-5
R96 RCOTGFTO2J 7.

R97 RC07GF[52J 7o5
R08 RCOyGF792J 7 -5
R99 RCOTGI_gJ 7-5
Pl0o RCO7GF752J 7-5
Pl01 RC07GF[52J 7o5
mo_ RCO7G_792J 7o5
RI03 RCOTGI_752J 7°5
R104 RC07GFT_ PJ 7.5
too9 RCOTGFJjI2J .5.I
I_106 RCOTGI_ 12J 5 .i

Capacitors C _ 2DEI-47 o .047 Electron Products
C 2 2D_-4r2 _047 Electron Products

C 3 150DIOSX0035A2 i.0 Sprague
C 4 150DI05X0035A9 i,.0 Spregue
C 5 I_ODI09XOO35A2 i o0 Spragae
C 6 150_226X00ISB2 22 Sprague
C 7 15OI_P6XOOIgB2 92 Sprague
C 8 15 OD_26X00ISB2 22 Sprague
C 9 2DEI-10F_ 1.0 Electron Products
CI0 2DEI-I03 1.0 Electron Products
CII _DEI-IO3 1.0 Electron Products
C12 2DEI-I05 i.0 Electron Products
C]3 2DEI-I03 i. 0 Electron Products
C14 2DEl-103 1.0 Electron Products
C15 2DEI-I(_ I.0 Electr: n Products
C16 2DEI-I05 i°0 Electron Products
017 2DEI-I03 1.0 Electron Products

C18 2DEI-105 1.0 Electron Products
C19 2DEI-I05 i. 0 Electron Products
C20 2DE1-100 1.0 Electron Products
C21 9DEI-IQO i. 0 Electron Products
C22 2DEI-682 0.0068 Electron Products

C23 2DEI-68e 0.0068 Electron Products
C24 211EI-6_ 0.0068 Electron Products

C25 2DEL-682 0.0068 Electron Products
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D° IACS C(_TROL ELECTRONICS (Continued)

Part Designation Part No° Value Remarks

.Capacitors C26 15OD10_XOO35A2 l°0 Sprague
C27 Disc °22
C28 Disc °22
C29 Disc .22
C30 Disc °22

Transistors Q 1 2N338
Q 2 2N338
Q 3 2N338
Q 4 2N338
Q 5 2N358
Q 6 2N656
Q 7 2N656
Q 8 2N538
Q 9 2N338
QlO 2N656
QII 2N556
QI2 2N656
Q13 2N656
Q14 2N656
Qt5 2NI486
Q16 2N656
Q17 2t_1486
Q18 2N656
Ql£ 2_T1486
Q2.0 2N656
_:]. 2m486
Q22 2N6_6
_3 2m486
C_24 2NE56
_5 2m486

Diodes ._R i 1N457
OR 2 1N457
CR 3 IN457
CR 4 IN457
c_ 5 _645
CR 6 1N645
CR 7 _645
CR 8 IN457
CR 9 1N457
c_0 l/;4P7
CRll IN457
CRl2 IN457
CRl3 _4.57
c_14 n_457

II-17

1966018035-118



D. IACS CONTROL ELECTRONICS (Continued)

Part Designation Part No. Value Remarks

Diodes CR15 1N457
CR16 iN645
cm7 _645
CR18 2_2323 SCR

cR19 _645
CR20 1N645
CER1 1Nl124A
c_2 I_645
CR23 1N645
cm4 _645
cR25 n_645
CR26 1N645
CR27 _Nll24A
C_8 1N751 5.1 V Zener
CR29 IN751 5.1 V Zener
CR30 iNTS1 5.1 V Zener
CR31 1N751 5.1 V Zener

Transformers T 1 M_-27-FB Microtron
T 2 MMT-27-FB Microtron

T 3 MMr-27-FB Microtron
T 4 MMr-27-FB Microtron
T 5 MMr-27-F_ Microtron
T 6 _M_-27-FB Microtron
T 7 MM_-27-FB Microtron
T 8 15323 Hadley
T 9 15323 Hadley
TIO 15323 Hadley
TII 15323 Had!ey
T12 15323 Hadley
•13 i_323 Hadley
T14 15323 Hadley

Relays K 1 79GB13R-4-A-600 Electronic Specialty
K 2 79GB13R-4-A-600 Electronic Specialty
K 3 79GBI3R-4-_-600 Electronic Specialty
K 4 936BI3-h-A480 Electronic Specialty
K 5 936B13-$-A480 Electronic Specialty
K 6 936B13-4-A480 Electronic Specialty
K 7 936B13-4-A480 Electronic Specialty
K 8 79GB13R-4-A_60C Electrvnic Specialty
K 9 79GB13R-4-A-600 Electronic Specialty

Amplifiers A 1 BB 1503 Burr Brown
A 2 BB 1503 Burr Brown
A 3 BB 1503 Burr Brown
A 4 BB 1503 Burr Brown

t ,,,,
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D. IACS C0_J_O.L _RONICS (Cont±nued).

ABSOLUTE VALUE CN_ - 3 MODULES: Z1, Z2 & Z3

Figure 1-21.

Part Designation Part No. Value , Remarks

Resistors R 1 RC07GFIO4J lO0
R 2 RCO7GF223 J 22

R 3 RCOTGF101J lO(_

Capacitor C 1 15 0D1}TXOO15S2 150 Sprague

Transistors Q 1 2Nl132
Q 2 2N338

Diodes CR 1 .IN64_
CR2 _64p
C_3 n_64p
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D. IACS C0_fRGLESEo_I_ONICS(Continued1

HALF TRIGGER- 3 MODULES: Z4, Z5 & 7_.6
Figure 1-20.

i

Part Designation Part No. Value Remarks

Resistors R 1 RCOTGFS13J 51
R 2 RN6OBI_0_F ]-5
R 3 RN6OB150eF ]-.5
R 4 RN65EIO0_F i0
R 5 3010P-1-SOe 5 Bourns
R 6 RN65KLO0eF lO
R 7 RCO7GFI54J 150
R 8 RCO7GF2T2J 2.7
R 9 RCOTGF273J 27
I%10 RCOTGF10eJ 1
ml RCO7C-_T2J 2o7
Rl2 RCOTGF533J 33
R13 RCOTGFI53J ]-5
m4 RCOT_F_O3J _0

Transistors Q 1 2N2225A
Q 2 2_338
Q 3 _I_338
Q 4 2_338

Diodes CR 1 1N645
CR 2 1N752A 5.6 V Zener
CR 3 1N645
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D. 1ACS CONTROL ELECTRONICS (Continued)

DEMODULATOR- 7 MODULES: Z7j Z8_ Zg, Zl0_ Zll_ Z12 & Zl3
Figure 1-23.

Part Designation Part No. Value Remarks
,L

Transistors Q 1 2N498
Q 2 _498
Q 3 2N498
Q 4 2N498

Diodes CR 1 1N645
CR 2 IN645
CR 3 IN645
c_ 4 i_645

Resistors R i RC07GF223J 22
R 2 RCOTGI_52J 7.5

R 3 RCO7GFT52J 7.5
R 4 RCOTGF752J 7.5
R 5 RCOTGFT52J 7.5
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Do IACS CONTROL ELECTR0_ICS (Continued)

TRIGGER- 4 MOm_,_S:(Z14& Z_5),(Zl6_ Zl7),(Z18_ Za9),(toO_ Z_I)
Figure 1-19.

Part Designation Part No. Value Remarks

Transistors Q 1 ½2_223A

Q 2 _2E2223A
Q 3 I_2N2223A
Q 4 I_2N'2223A
Q_ 2_38
Q 6 2N338
Q 7 2N338
Q 8 21_1338

Diodes CR 1 1N645
OR2 _645
CR 3 1NT.52A 5.6 V Zener
CR 4 1NT.52A .5.6V Zener
CR.5 iN64.5
OR6 :1_645

Resistors R i RC07GF202J 2
R 2 RCOTGF431J 430_
R 3 RCOTGF431J 430n
R 4 RN6OB1.50_F 1.5
R .5 RN6OB1.5O2F 15
R 6 RN6.SE10G2F l0
R 7 3010P-1-502 5 Bourns
R 8 RN6.SE100_F i0
R 9 RCOTGF1.54J 1.50
RlO RCOTGF272J 2.7
RII RCOTGF2.73J 27
R12 RCOTGF10_J i
Rl3 RCOTGF272J 2.7
m4 RC07GF333J 33
RI.5 RC07GF153J l_
R16 RC07GF20_J 2
ea7 RCO7GFk31J 43C_
m 8 RCOTGF431J 43a,q
R19 RN60B150_F 15
R20 RN60B1.50_F ]-.5
R21 RN6.SE1002F lO
R22 3010P-1-.50_ 5 Bourns
323 RN6.SE].O_F lO
_24 RC07G_.54J _._
E_5 RCOTGF272J 2.7

II-22

1966018035-123



D° IACS CONTROL ELECTRONICS (Continued)

FULL TRIGqER (Continued)

Part Designation Part No. Value Remarks
.,., .,..,,,,

Res $stors R26 RCOTGF2-73J 27
R27 RCOTGFI0_.J i

R28 RCOTGF272J 2_7
R29 RCO7GF333J 33
R30 RCOTGFI53J 1.5
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E. SACS CONTROL ELECTRONICS

Sketch 742-B-90, Figure 1-7.

Part Designation Part No. Value Remarks

Resistors R 1 RCO7GFIO4J lO0
R 2 RC07GFIO4J lO0

R 3 RC07GF135J 1.3 Meg
R h RCO7GF135J 1.5 Meg

R 5 RCO7GFI03 J lO
R 6 RCO7GFS12J 5.1
_ 7 RCOTGFIO3J lO
E 8 RCO7GF312J 5.1

R 9 RCOTGFIO3J i0
RlO RCOTGF3_2J 3.l
RII RCO7GFIO2J 1

RI2 RCOTGFIO3J i0

RI3 RCO7GF312J 5.1
RI4 RCO7GFIO2J i

RI3 PCO7GFI33J 13
RI6 RCO7GF224J 220

I T_O "
RI7 RCOTGI _75J 2°7 Meg
R18 RCO7GF154J 150

R19 RCO7GF203J 20
R20 RC07GF203J 20
R21 RCO7GFI54J 150
R22 RCO7GF273J 2.7 Meg

_25 _C07GF224_5 220
R24 RCOT_IS.SJ 13
R23 RCO7GF223J 22
R26 RCO7GF223J 22

R27 RCOTGF2OSJ 2 Meg
B28 RCO7GFeOSJ 2 Meg

R29 RCO7GF203J 2 Meg

R30 RC07GF_OSJ 2 Meg
RSI RCO7GFIO3J i0
R32 RCO7GFeO2J 2
R33 RCO7GF822J 8.2
R34 RCO7GF821J 820_
R3_ RCO7GF821J 820Q
R36 RCO7GF822J 8.2

R37 RC07GF202J 2
R38 RCOTGFIO3J i0
R39 RCO7_IOSJ lO
R40 RCO7GFe(Y2J 2K

R41 RCOTGF822J 8.2
R42 RCOTGF8PlJ 820_

R43 RCO7GF821J 820_
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E. SACS CONTROL ELECTRONICS (Continued)

Part Designation Part No. Value Remarks

Resistors R44 RCO7GF822 J 8.2
R45 RCO7GF202J 2
R46 RCO7GFIOSJ lO
R47 RCOTGFIO2J I

R48 RCO7GFIff2J i
R49 RCO7GF243J 24
RSO  C07GFIO2J i
RS1 RCOTGF243J 2a
R52 RCO7GFR43J 24
R55 RCOTGF223J 22

R54 RCO7GF223J 22
R55 RCOTGF223J 22
R56 RCO7GFE23J 22
R_7 RCO7GF22JJ 2:2
R_8 RCO7GF223J 22
R59 RCO7GF225J 22
R60 RCO7GFI03 J i0
R61 RCO7GFIOSJ lO
R62 RCO7GFSI3J 51
R65 RCO7GFg-°_3J 22
R64 RCOTG¥103J lO

R65 RCOTGFIO3J lO
R66 RCOTGF753J 73
R67 RCO7GFIO2J i

E68 RCO7GF243J 2¢
R69 RCO7GF334J 530
R70 RCO7GF124J 120
R71 RCO7GFS13J 51
R72 RC07GF223 J 22

R73 RCO7GFIOSJ i0

Capacitors C 1 l_ODlO6XOO35R9 lO Sprague
C 2 l_ODIO6XOO35R2 lO Sprague
C 3 2DEI-205 2 F.lectron Products
C 4 2DEI-56a .56 Electron Products
C 5 2DE1-564 .56 Electron Product s

C 6 2DEI-205 2 Electron Products
C 7 2DEI-155 .015 Electron Products

C 9 150DlOSXOO35A2 1 Sprague
ClO 150DlOSXOO35A2 _ Sprague
C12 2DEI-153 •015 Electron Products

C13 109D107C20lOF2 lO0 Sprague
Cl_ 109DlOTC2OlOF2 lO0 Sprague
C15 I09DI07C20101_2 i00 Spre gue

C16 150DIO4X0035A2 •i Sprague
C17 150DIO4X0035A2 •i Sprague
C18 109Dh76X0010C2 47 Sprague
C19 150DIOSXOO35A2 I Sprague
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E. SA_,BCO/_fROLELECTRONICS (Continued)

Part Designation Part No. Value Remarks

Diodes CR 1 1N497
ca 2 IN497
cR 3 1N457
CR 4 IN497
CR 9 IN457
CR 6 1N457
CR 7 1N457
CR8 1N457
CR 9 1N457
CR10 1N457
CRll IF497
CR12 I.457
CRI3 IN4D7
CR14 1N457
CRI5 1N645
CR16 IN6_9
CR17 IN649
CRI8 IN64.5
CRI9 1N649
CR20 1N649
C_l _N6_9
CR22 1N792A 9.6 V Zener
CR23 1N792A 5.6 F Zener
CR24 1N792A 9.6 V Zener
CR25 IN645
CB2.6 IN649
CR27 LN645
CR28 1N649
CR29 1N792A 9,6 V Zener
cR3o _645
CR31 IN649
0R52 IN645
CR33 1N649
cR34 1_649
cR39 hx649
CR36 IN649
CR37 IN645
cR38 1_6_9
CR39 1N649
OR40 1N649
OR41 _649
cR42 n_645
CR43 1N649
cR44 i_645
CR49 ]N6_9
CR46 1N645
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E. SAC_ CONTROL ELECTRONICS (Continued)

P_rt Designation Part No. Value Remarks
, , ,,, , ,,,,,,, ill J,,,

Diodes CR47 1NT_l 5.1 V Zener
CR48 1N751 5-I V Zener
CR49 1N751 5.1 V Zener
CR_O 1N751 5-1 V Zener

Transistors Q 1 2N338
Q 2 2N338
Q 3 2N338

Q 4 2_T338
Q 5 2N656
Q 6 2N656

Q 7 2N656
Q 8 2N656

Q 9 2N338

QlO 2 338 J
Qll 2N656 I

i
Q12 2N338 I
Ql3 2N656 I

Q1h 2r656 I
Q15 2N1486

QI6 2N338
Q17 2N656
Q18 2N338
Q19 2N656

i

I
Relays K I 79GB13R-4-A°600 Electronic Spec lalt/

K 2 93GP1.3-4-A-480 Electrouic Spec Jalt2 '
K 3 93GB13 °4°A-480 Electror__c Spec ialt,_

K 4 93GB13-k.°A-480 Electronic Specialty i
K 5 79GB13R-4-A-600 Electronic Speclalty.l
K 6 93GB13-4-A-480 Electrouic Specialty
K 7 93GB13-4°A- :80 _lectronlc Specialty
K 8 93GB13-4-A-480 ElectzonJ c Spec._alty
K 9 93GB13-4-A-480 Electronic Specialty I

KlO 93GB13-4-A-480 Electronic Specialty il

Amplifiers A i 1503 Burr Brown I!

A 2 1_03 Burr Brow,_ I
A 3 1503 Burr Brown

A 4 1503 Burr Brown
A 5 1503 Burr Brown

. A 6 1503 Burr Brown• , ,, .............. ,
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E • SACS CONTROL ELECTRONICS (Continued )

HALF TRIGGER - 2 MODUI_S: ZI & Z2

Figure I-Z0.

Part Designation Part No. Value Remarks

Resistors R I RCO7GFSI3J 91

R 2 RN6OBI_OP_ i._
R 3 RN6OBIgO2F 19
R 4 RN69EIOO2F i0
R 9 3010P-I-502 5 Bourns
R 6 RN65EIO(72F i0
R 7 RCOyGFI54J 150
R 8 RC07GF272J 2.7

R 9 RCO7GF273J 27
RIO RCO7GFI(Y2J 1

I

RII RCO7GF272J 2.7
° RI2 RCO7GF335J 33 !

Ri3 RCO7GFI53J 19 i
; R14 RCO7GF!O3J i0

i

Transistors Q 1 2N2223A !

T Q 2 2N338 i

i Q 3 2_338 I
I

Q 4 2N338 !
T

Diodes CR1 1N649 I
: CR2 1N792A 9.6 V Zener I

OR3 n_49 i
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E. SACS CO_ROL ELECTRONICS (Continued)

F_L _R - 4 mDU_S: (Z3_ Z4),(Z9• Z6),(Z7• Z8),(Z9_ ZlO)
Figure 1-19.

.......... , ................. !

Part Designation Part No. Value Remarks ;
i

........ ....

Transistors Q i _2N2223A
Q 2 _23A
Q 3 _2_223A
Q 4 _2N2223A
Q 9 2_338
Q 6 2N338 !i
Q 7 aN338

e 8 i 2_338 i
I

Diodes I
CR1 I IN649

1 _649CR3 I/_52A 9-6 V Zener
CR4 1N792A 9.6 V Zener

]N649c_
cR6 _649

Resistors R 1 i RCO7GF202J 2
R 2 I RCO7_31J _30n
R 3 I RCO7eFk3mJ _30_
R 4 : _60B_902F 19
R 9 _60B19027 _9
R 6 _ RN6_EI002F i0

R 7 i 30!0P-1-902 9
R 8 i RN69ElOOeF lO
R 9 i RCO7GFI94J 150
RIO ! RCO7GF272J 2.7

1%11 I RCO7GF272J 2.7
RI2 I RCO7GFI02J i
I%13 i RCO7GI_72J 2.7J

R14 RCO7GF333J 33
RI9 ! RCO7GFI93J 19
RI6 i RC07GF202J 2
_7 ! RCO7GF431J 43aI
R18 _i RCO7GF431J 430Q
Rl9 I RN60B1902F 19
ReO _ I_N6OBI_ 19

Rel i Pa6_EIO0e.F 10
R22 I 3010P-l-_O2 5_3 _6_ioo_ -lO

Re4 i RCO7G,FI94J 190
R25 I RCO7GF272J 2.7
R26 I .... RCO7GF273J 27 ............................
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E o SACS CONTROL ELECTRONICS (Continued)

IULL TRIGGER (Continued )

Part Designation Part No. Value Remarks
_,,_ ,,,,,, , ,,,,,,

Resistors R27 RC07GFI_2J 1
................. R28 RC07GF272J 2.7

R29 RCOTGF333J 33
R30 RC07GF153J 15
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i F. JUNCTION BOX
I

Sketch 7b,_.-B-60_ Figure 1-21.1

Part Designation Part No. Value Remarks

_ K 1 9hGB13-4-A-1K Electronic Specialty

Amplifier A 1 1503 Burr Brown

Capacitors C 1 TESSOO-5ONX-P-1 300 International Elec Inc
C 2 Disc l_O_af

Resistors R 1 RCOTGFIOeJ 1
R 2 RCOTGF10eJ 1
R 3 RCOTGFI02_ Z
R 4 RCOTGFI0eJ 1

R 5 RCOTGF10eJ 1
R 6 RCOTGFIO2J 1
R 7 RCOTGFIO4J lO0
R 8 RC07C_15_ 150
R 9 RCOT_154J ZSO
RIO RCOTGFIO3J i0

Diodes CR 1 1Nl124A
CR 2 nU_4A
CR 5 n_124A
CR 4 1Nl124A

CR5 _4A
CR 6 1NIJuq4A

CRv INl124A
CR8 nam4A
CR 9 1N]]24A
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G. TELEMETRY SIGNAL CONDITIONER

Sketch 742-B-90, Figure I-9

Part Designation Part No. Value Remarks
...,...,,,,, ,, .,

Resistors R 1 RC07GFS10J 51Q
R 2 RC07GF753J 75
R 3 RC07GF473J 47
R 4 RC07GF753J 75

R 5 RCOTGF473J 47
R 6 RC07GF124J 120

: R 7 RC07GFIO4J i00

R 8 RCO7GF623J 62
R 9 RCOTGFgl2J 5.1
R10 RCOTGF512J 9.1
Rll RCOTGFS12J 9.1
R12 RC07GF101J 100_
R13 RCO _F10ZJ 100_
R14 RC07GF792J 7.9
RI9 RW99G491 450Q 2.9 W
RI6 RC07GF753J 79
R17 RCOTGF793J 75
R18 RC07GF753J 79
R19 RCO7GF753J 75
R20 RC07GF333J 33

i R21 RC07GF333J 53

R22 RC07GF333J 33
R23 RCO7GF333J 35

i R24 RCO7GF243J 24R29 RN60BISO3F 190

I R26 EN60BIg03F 150
I R27 RN60B1003F 100

R28 RN6OBI003F I00
R29 RN60B6042F 60.4

aJO 3010P-I-9(Y2 9K
R31 RC07GF331J 330Q
R32 RC20GF241J 24OQ

R33 RC07GF682J 6.8
R34 RC07GF682J 6.8
R39 RC07GF473J 47
R36 RC07GFR41J 2400

R37 RC07GF751J 750Q
R38 RC07GF751J 750_
R39 RCO7GFgl2J 9.1
R40 RC07GFgI2J 9.i
R41 RCO7GFgl2J 9.1

R42 RN60BI691F 1.69 Meg
R43 RCOYGFSL2 J 5.1
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i G. TELEMETRY SIGNAL CONDITIONER (Continued)
I

Part Designation Part No. Value Remarks
,,,.... ,, ,,

Resistors R44 RN60B6043F 604
....... R45 RC07GF622J 6.2

R46 RC07GF155J 15
R47 RC07GFI53J I_
R48 RC07GF303J 30
R49 RC07GF303J 30
R50 RCO7GF303J 30
RS1 RC07GF302J 3
R52 RC07GF303J 30
R54 RCO7GF303J 30
R55 RC07GF223J 22
R56 RC07GF223J 22
R57 RCOyGFIO3J i0
R_8 RCO7GFIO3J i0
R59 RC07GFI03J l0
R60 RC07GF103J l0
R61 RC07GFT_3J 75
R62 RCO7GF473J 47 "
R63 RCOTGFS12J 5-1
R64 RC07GFSI2J 5.1
R65 RCO7G_43J 24
R66 RC07GF912J 9.1
R67 RCOTGF133J 13
R68 RC07GF3OSJ 3 Meg
R69 RC07GF_13J 51
RTO RC07GF305J 3 Meg
R71 RCO7GF513J 51
R72 RC07GF514J 510
R73 RC07GF514J 510
R74 RC07GF91eJ 9.1
R75 RC07GF302J .2

R76 3010P-1-103 l0 Bourns
R77 RC07GF912J 9ol
R78 RC07GF3(Y2J 3
R79 3010P-l-103 l0 Bourns
R80 RC07GF512J 5.1
R81 RCOYGF512J 5.1
R82 RCO7GFS12J 5.1
R83 RC07GF512J 5.1
R84 RCO7GFgleJ 9-1
R85 RCO7GFgl2J 9.i
R86 RCO7GFS12J 5.1
R87 RCO7GF273J _7
R88 RCO7GFS12J 5.1
R89 RC07GF273J 27
Rgo RCO7GFSI2J 5.1
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G. TELEMETRY SIGNAL COEDITIONER (Continued)

Part Designation Part No. Value Remarks

Reslstors R91 RCO7GF7.53J 7.5
R92 RCO7GF473J 47
R93 RCO7GF.512J .5.1
R94 RC07GF7.53J 7.5
R9,5 RC07GF473J 47
R96 RC07GF.S12J .5-1
R97 RC07GF273J 27
R98 RCO7GF.512J .5.1
R99 RCO7GF273J 27
R10C RC07GF.512J .5-i
Rl01 RC07GFe73J 27
R102 RC07GF,S12J 5.I
RIO3 RC07GF.S12J .5-1
RlO,5 RC07GF91eJ 9.1
RI07 RC07GFgl2J 9.1
Rl08 RC07GF3(Y2J 3
Rll0 RC07GFS12J 5.1
PJ_II RN60BI694F 1.69 Meg
Rll2 RN60B6043F 604
Rll3 RN60B6049_F 60.4
RII4 RN6OBI403F 140
RII,5 RN60BI403F 140
Ril6 RN60BI403F 140
_17 im6oB1403F 14o
Rll8 RN60BI403F 140
RII9 RN6OBI,503F 1,50
RI20 RN60BI.503F 150
R121 RN60BI,503F 1.50
R129 EN60B1503F 1,50
R123 RN60B1503F ]..50
RLe4 _60B1,503F 150
Pa_,5 _60BZ.503F 1.50

Diodes CR i IN943 11.7 V Zener
CR 2 1N943 11.7 V Zener
CR 3 iN751 5.1 V Zener
CR 4 1N7.51 ,5.1V Zener
CR '5 1N677
CR 6 1N677
CR 7 IN677
CR 8 1N677
CR 9 1N7.50 4.7 V Zener
CRIO 1N767
CRll 1N767
OR12 L_4,57
OR13 IN457
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G. TELEMETRY SIGNAL CONDITIONER (Continued)

Part Designation I Part No. Value Remarks

i

|

Diodes CR14 1N457
CRID 1N457
CR16 1N457
CRI7 1N457
CRI8 1N457
OR19 1N457
CR20 1N457
CI_.I IN457
CR22 1N457
cR23 iw457
CR24 1N457
CR25 1N457
CR26 1N457
c_7 1_457
CR28 IN457
CR29 IN457
CR30 IN457
CR31 IN457
CR32 IN457
CR33 IN457

; CR34 1N457
CR35 1N457
CR36 1NTO6A 5.8 V Zener
CR37 1NTO6A 5.8 V Zener
CR38 1NTO6A 5.8 V Zener
CR39 1N706A 5.8 V"Zener
CR40 1NTO6A 5.8 V Zener

Capacitors C 1 IILD3OSXOOSOGI 3.0 Sprague
C 2 IIID3OSXOOSOG1 3.0 Sprague
C 3 2DEl-104 O.1 Electron Products
C 4 151DIISX9035W2 i.i Sprague
C 5 151DIISX9035W2 1.1 Sprague
C 6 151DIISX9035W2 l.l Sprague
C 7 151DllSXg035_2 1.1 Sprague
C 8 151DllSX9035W2 1.1 Sprague
C 9 15LDllSX9035W2 1.1 Sprague
ClO 151DIISX9035W2 i.i Sprs_ue
CII 151DliSX903_]g2 i.I Sprague
C12 1501Y226XO035 22 Sprague
C13 150D226X0035 22 Sprague
el4 1501_74XgO35A2 O.47 Sprague
C15 150D474X9035A2 O.47 Sprague
C16 1500685X903_B2 6.8 Sprague
C17 150D474_O35A2 O.47 Sprague
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G. TELEMETRY SIGNAL COI_D_TIONER(Continued)

Part Designation Part No. Value Remarks
--- ,,.,,,,. u..,, Jt

C_pacitorso C19 150D474X9035A2 O.47 Sprague
020 150D685X903_2 6.8 Sprague
C22 150D474X9035A2 O.47 Sprague
C_23 150D685X9035B2 6.8 Sprague
C24 150D)'74X9035A2 O.47 Spra_le
C25 150D474X9035A2 0.47 Sprsgue
C26 150D685X9035B2 6.8 Sprague
C_7 2DE1-223 .022 Electron Products
C28 2DEI-223 •022 Electron Products

Transistors Q 1 2Nl132
Q 2 2Ni132
Q 3 2_132
Q 4 9_I132

Amplifiers A 1 1503 Burr Brown
A 2 1503 Burr Brown
A 3 1503 Burr Brown
A 4 1503 Burr Brown
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H. GSE OVERALL

Sketch 742-D-I0_ Fig,_e X-17

Part Designatlon { Part No. Value Remarks
, ,,,, ,,, ,,,

Transistors Q 1 2N1613
Q 2 2m613
Q 3 2N1613
Q 4 2N1613
Q 5 2N1615
Q 6 2N1613
Q 7 2N1613
Q 8 2_1613
Q 9 2N1613
Q10 2N1613
9.11 2N1613
Q12 2N1613
9,13 2N1613
QA4 2m613
Q15 2N1613
Q16 2N1615
Q17 2N1613
Q18 2N1613
9,19 2N1613
_0 2N1613
_l eN1613
Q22 2N1613

Diodes CR 1 1N645
cR2 n_645
c_3 n_645
cR4 n_645
CR 5 IN645
CR 6 1N645
cR7 n_645
cR8 _645
cR9 n_645
cmo _64_
cram n_645
cm_ n_645
Cm3 1N645
Cm4 1N649
CR15 1N645
cm6 n_645
cm7 _N645
cm8 3_645
cm9 1N645
C_0 IN645
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H. GSE OVENA_,_(Continued)

Part Designation Part No. Value Rex_rks

Diodes CR21 IN649
CR22 1N645
cR23 n_645
c_4 _645
c_ _64_
CR26 1N64_
c_7 n_645
c_8 n_645
CR29 1N645
cR3o n_645
CR31 1N645

Resistors R 3 RC20GFI04J i00
R 4 RC20aF474_ 470
R } RC32GF332J }-3
R 6 RC20GF123J 12
R 7 3010P-I-90_ _ Bourns
R 8 RC20GFe73J 27
R 9 RC20GF224J 220
RIO RC32GFISPJ i.5
Rll RC20G_472J 4.7
R12 RC07GFI01J i00_
R13 RC07GFI01J i00_
R14 RC07GFI01J i00_ '
RI9 RCOTGFIC13 I00_

i R16 RC07GFI01J i00_
RI7 RCOTGFI01J 10C_
RI8 RC07GF101J 100n
RI9 RCOTGFI01J 100N
R20 ROO7GFIOIJ 10(_

l R21 RC20GF223J 22
_2 RC_Oa__274_ 270
R23 RC20GFI23J 12
R24 RC20GF223J 22
I_9 RC_OG_274_ 270
B26 RC20GFI23J 12
_7 RC2(X_IO_J i00
R28 RC_0GF474J 470
_9 Rc32m_3_J _o3
R30 RC20GFi23J I_
R_ _C_0GF_8_J ].8

_34 Rc_o_33_J 330
R39 RC20GFI23J 12
R _A RC_(X_30_J 3 Meg
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H. GSE 9VERALL (Continued)

Part Designation P_rt No. Value Remarks

iresistors R36 RCe0GF274J 270
R37 RC20GFI93J 19
R38 RCOTGFIOIJ lO0_ 1/4 W
R39 RCOTGFIOIJ IOOD 1/4 W

R40 RC2OGFIOgJ 1 Meg
R41 RC20GF394J 390
R42 RC20GFI83J 18
R43 RC20GF623J 62
R44 RC20GF224J 220

R49 RC20_F223J 22
R46 RC32GF222 J 2_9 i W
R47 RC20GFI93J 19
--I C]

_{:._. RC20GF623J 62
R49 RC3eGF222J 2°2 1 W
RgO R_OGWI53J 19
RSI RC20GF623J 62
R92 RC20GF39_J 390

R OGF183J 18
R94 RU20GF623J 62
R99 RC20GF394J 390
R56 RC20GF183J 18
R0_7 RC20GF623J 62

Light Bulbs L i NEgl 120 VAC NEON
L 2 NES1 120 VAC NEON

L 3 _rgpE 327 O.04A, At 28 VDC
L 4 TYPE 327 0o041t, At 28 VIKi
L 9 _E 327 Oo04A, At 28 VDC
L 6 TYPE 327 O o04A, At 28 VDC
L 7 TYPE 327 O.04A, At 28 VDC
L 8 TYPE 327 O.04A, At 28 VDC
L 9 TYPE 397 O.04A, At 28 VDC
LlO _rfPE327 O.04A, At 28 %_DC

Lll TYPE 327 O o04A, At 28 VDC
L12 TYPE 327 Oo04A, At 28 VDC
LI3 TYPE 327 O°04A, At 28 VDC

LI4 TYPE 327 O.04A, At 28 VDC
LI9 TYPE 327 0o04A, At 28 VDC
L16 TYPE 327 C .04A, At 28 VDC
L17 TYPE 327 O.04A, At 28 VDC
L18 TYPE 327 O.Q4A, At 28 VDC
L19 TYPE 327 O.04A, At 28 VDC

L20 TYPE 32.7 O.04A, At 28 VDC
L21 TYPE 327 O.04A, At 28 VDC
L22 TYPE 327 O.04A, At 28 V'DC

I,-39
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; H. GSE OVERALL (Continued)

tl,t, iml ...... ,,

Part Designation Part No. Value Remarks

Light Bulbs L23 TYPE 327 O.04A At 28 VDC
L24 TYPE 327 O.04A At 28 VDC

L25 TYPE 327 O,04A At 28 VDC
L26 TYPE 327 O.04A At 28 VDC
L27 TYPE 327 O.04A At 28 VDC
L28 TYPE 327 O.04A At 28 VDC

, L29 TYPE 327 O.04A At 28 VDC
" L30 TYPE 327 O.04A At 28 VDC

L31 .TYPE 327 O.04A At 28 VDC
L32 TYPE 327 O.04A At 28 VDC
L33 TYPE 327 O.04A At 28 VDC
L34 TI_E 327 O.04A At 28 VDC
L35 TYPE 327 O.04A At 28 VDC

• L36 TYPE 327 O.04A At 28 VDC

Fuses F 1 5 AMP
F 2 o.75AMP
F 3 0.75AMP

Meters M 1 Mod No. 1145 (0-50 VDC) Volts
M 2 Mod No. 1145 (O-30A F.S. ) Current

Switches S 1 DPST Toggle Switch

S 2 DPST Toggle Switch
S 3 DPST Toggle Sw_tch
S 4 JV9002 Centralab
S 5 RS406-12 Langevin
S 6 DPDT Toggle Swi'cch

S 7 WlO1/P adapter SCC of America

S 8 WIOI_P adapter SCC of America
' S 9 WIOI/P adapter SCC of America

SlO WlO1/P adapter SCC of America
"._

! Auxiliary
Power Supply Model SR 284 Electron Research

Assoc. Inc

Main Power Supply Model 814A Harrison Lab.

Relays K 1 JDP 246 C24 C.P. Clare & Co.

,m, , ,,,,,,, ................
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I. GSE CAGING C(k_fROLCHANNELS

Sketch 742-D-30, Figure 1-18

NG2E: ROLL, PITCH, & YAW CHANNELS ARE THE SAME

Part Designation Part Noo Value Remarks

Resistors R 1 RC20GFI03J l0
R 2 RC_0GFI03J l0
R 3 RC_0GFT53J 75
R 4 RC_0GF?53@ 75
R 5 RC20GF3OSJ 3 Meg
R 6 RC_0GF82IJ 8_C_
R 7 RC_0GFS_2J 8.2
R 8 RC_0GF8_IJ 8_C_

R 9 RC_0GFS_2J 8.2
RIO RC20GF2_J 2-7
RII RC20GF3_2J 3.9
R12 RC20GFIO4J I00
El3 RC_0GFS_2J 3 o9
RI4 R_0GF2T2J 2°7
R15 RC20GF332J 3.3
R16 RC20GF123J 12
R17 3010P-1-5G2 5 Bourns
R18 3010P-l-._0_ 5 Bourns
R19 3010P-l-5GR 5 Bourns
R20 RC20GF_3J 8_
E_l RC_0GF394J. 390
B22 RC20GFIOSJ i Meg
R23 RC_0GF624J 620

Transformer T I MM_-P7-FB

li_ A i 1503 Burr Brown
A 2 1506 Burr Brown

Control
Transformers TYPE CTH-15-D-15 Clifton Precision

Products

Transistors Q 1 2N1613
Q 2 2N1613
Q 3 2_338
Q 4 2N1613
Q 5 2_338
Q 6 2N1613
Q 7 2N656
Q 8 2_486

,,,, ,,,
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I. GSE CAGING CONTROL CHANNELS (Continued)

Part Designation Part No. Value Remarks
, , ,, ,,,,,,m,, ,,

Diodes CR 1 1N457
CR2 _457
cR 3 1_645
CR 4 1_645
cR5 _645
cR 6 _645

,_ cR7 n_645
cR 8 iN645

_itches S 1 A3-77-T3 SCC of America
S 2 A3-TT-T3 SCC of America
S 3 A3-77-T3 SCC of America
S 4 399223A QAK

-_ S 5 399223A QAK
S 6 399223A QAK

"_ S 7 WlO1/P adapter SCC of America

Relays K 1 93GB61-4-A-480
_ K 2 93GB61-4-A-480
| K 3 JDP 246 C24 C.P. C1 _-e1

Capacitors C 1 2DEI-I05 1
%

C 2 2DEI-105 iC 3 2DEI-682 .0068
C 4 Disc lO_f

I "

II-_
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I
I. GSE CAGING CONTROL CHANNELS (Continued)

_. FULL TRIGGER
Figure 1-19

_- Part Designation Part No. Value Remarks

Transistors Q i _2N2223A
Q 2 _2N2223A
Q 3 "_2N2223A
Q 4 "_2N2223A
Q 9 2N338
Q 6 2N338
Q 7 2N338

: Q 8 23338

Diodes CR I 1N649
,- CR2 n'_649

f

' CR 3 l_2A 9.6V Zener
CR 4 INT_2A 9.6V Zener

, OR9 :L-W649
• CR6 :t.,W64.5

Resistors R I RCOTGF202J 2K
R 2 RC0"(GF431J 43a3
R 3 RcoTe?43zJ 43o_
R 4 _N60BIgO2F 19
R 9 RN60BIg0eF 19
R 6 RN69EI(X)eF i0
R 7 , 3010P-I-90_ 9 Bourns
R 8 1 RN69EIO(P-F i0

R 9 1 RC07GFI94J 190RI0 , RC07GI_272J 2.7
RII RCOTGF272J 2.7
RI2 RCOTGFI02J i
RI3 RCOTGF272J 2.7
R14 RCOTGF333J 33 •
RI9 RC07GFI93J 19

RI6 ! RC07GF202J 2
i _7 _ RCOT_431J 430n

m8 ! RCOT_431J 43_
RI9 i RN60B19(P_F 19

, R2o , RN6OSlgOeF 19l

I. R21 i _W69EIO0eF I0
., _2 i 3olo_'-',-9o_ .5 _urr_
, _23 , ?a65E100_ I Z0

_24 , RC07Gng_J 150
R29 : RC07GF272J 2.7

: R26 ,j RC07GF273J 27
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I. GSE CAGING CO_I_OL CHA_ (Continued)

FULL TRIGGER (Continued)

Part Designation Part No. Value Remarks

Resistors R27 RCOTGFIO2J i
R28 RCOTGF272J 2.7

, R29 RCO7GF333J 33
R30 RCOTGFI_3J i_
..... i i ,iJ,m
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I. GSE CAGING CONTROL CHANNELS (Continued)

I_MODUIATORS

Figure 1-23

Part Designation Part No. Value Remarks

Transistors Q 1 2N498
Q2 2_f498
Q 3 2N498
Q 4 2_498

Diodes CR I 1N645
cR2 IN645
cR3 1N64_
CR4 IN64_

II-$5
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J. GSE DC POWER SUPPLY
,,. , ,

Sketch 7_-D-20, Figure 1-16.

Part Designation Part Number Value Remarks
|. , ,,,,,..,,,,

,_ Resistors R 1 RC07GFIO3J lO
R 2 RC07GF332J 3-3
R 3 _65E825_ 8.25

' R 4 RN6OB13OIF 1.3
R 5 EN60B150eF 15
R 6 RN60B3921F 3.92
R 7 RN60B15(P_F 15
R 8 RN60B8eSIF 8.25
R 9 3010P-1-2ff2 2 Bourns
o RN65E5761F 5.76

_l 5%-_rgE_-2-2W 0.47n IRC
RIA RC076_'I03J i0
R2A RC07GF332J 3 o3

; R3A RN65E8251_' 8.25
RkA RN60BI3OIF 1.3

-- I_SA RN60BIS02F 15

! R6A _60B3921F 3.92
RTA _6om.5oeF 19
R8A RN6OB8eSIF 8.25
RgA 301aP-I-202 2 Bourns

.: RIOA RN65ES761_' 5.78
RllA 5%-TYPE AS-2-2W 0.47_ IRC

;

I C_)acltoir # C i MGI-224 0.22 Electron Products
C 2 150D476XO035S2 47 Sprague

: C 1A MG1-224 0.22 Electron Products
1 C 2A 150D476XO035S2 47 Sprague
!

Diodes CR 1 1N827 6.2 V Zener

i CR 1A IN8_7 6.2 V Zener
Transistors Q i 2N1486

Q 2 2N656Q 3 2_2223A
i Q 4 2/_2223A

Q 5 2N656
I _ Q _ 2_

Q 2A 2N656
Q 3A 2N2223A
Q 4A 2_2223A
Q 5A 2N656

1 i, . . , ...,,,,| , .,, . ,.,.
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Appendix III

PNEUMATIC ANALYSIS OF AEROBEE ACS
FORCE CONTEOL SYSTEM

A • SUMMARY

This appendix presents the results of an analysis of the Aerobee ACS force

control system. The system characteristics are shown in both tabular and flow

chart form, including curves of valve response time and vehicle acceleration in

each of the three axes. All symbols are identified in Table III-l°

B. INTRODUCTION

The force control system of the ACS consists of a helium gas supply tank,

the flow control valves, the thrust nozzles, and the associated plumbing. The

system is shown schematically in F_gure III-1. The propulsion system pressuriz-

ing gas is used as the gas supply, the residual helium belng drawn from the pro-

pulsion system tankage for coast attitude control after the end of powered flight_

Two nozzle pairs are used for control about the roll axis. The flow through

each nozzle pair is controlled by a single solenoid valve. In addition a solenoid

: valve is connected in parallel with the CCW control valve to despin the vehicle

after burnout. The roll control and despin portion of the force control system

is located in the ACS insert "and is connected to the propulsion system in the

regulator compartment. The connection is made directly to the pressurization

line leading to the aft propella_It tank. Since the initial use of gas is for de-

: spin, this prevents the pressure in the forward propellant t_ _ from becoming

lower than that in the aft tank, _hereby preventing collapse of the common bulk-I
I

i head. Burst diaphragms are provided between the ACS and the propulsion system

I to prevent the propellants from contaminating the roll control valves prior to

' launch. These diaphragms are broken when the propellant tanks are pressurized at

i lift -off.

The pitch/yaw portion of the force control system is located in the aft tall

structure of the vehicle and is physically independent of the ACS insert, the

III-i
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only connection being the electrical signals used to operate the solenoid valves.

One thrust nozzle is used with each valve for COW control and one valve and

nozzle for CW control in each axis.

Since the line of thrust of the control Jet acts through the longitudinal

center-line of the vehicle, a true force couple is not needed to prevent coupling be

tween the pitch/yaw axis and the roll axis. The pitch valves and yaw valves are

connected to separate tanks to minimize the flow in each supply line, thus mini-

mizing the pressure drop. Pressure taps for this purpose are pr,ovidedin the

lines between the tankage and the thrust chamber assembly. Again, burst dia-

phragms are provided for the purpose of isolating the control valves from the

propellant prior to flight.

C. ANALYSIS

The pneumatic analysis of the ACS my be divided into two separate sections:

the pltch/yaw force control system and the roll force control system. However,

even though the operational parameters of the two subsystems differ, they may be

treated in the same manner. Therefore, the pltch/yaw circuit will be analyzed

in detail and the roll circuit will be described only as it differs from the

pitch/yaw system.

The problems involved in thi_ flow analysis are those of subsonic flow of a

compressible viscous fluid in a pipe and the sonic flow of a gas through an ori-

fice. Since both of these occur in the same circuit, the rigorous solution of

the steady-state flow is a laborious task. To simplify this task several as-

sumptions are made. As shown in Reference Ill-l, the isothermal flow of a gas

may be approximated by assuming that the gas behaves as an incompressibA_fluid.

A comparison of the two cases_ which is valid for small pressure drops, is

PI-P2
(compressible) = I - j i 23 (III-l)Pl

Pi-P2
(incompressible) = B (III-2)

Pl

where fA_l

B = ZgD_..l,zl, (III-3)

III-2
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Rewriting Equations (III-i) and (111-2) in terms of Nm we find that

-- r)

_ _fLk N "
(compressible) P1 I:'2 = 1 Yl 2D ( m ) (III-la)PI

(incompressible) PI.- 1:'2 = fkk (N)2 (III-2a)
PI 2D

fkk is assumed constant for any given section and gas. If the pressurewhere 2-D-

drop for compressible flow is plotted versus incompressible flow for different

Mach numbers, comparison of these two equations shows that for M_ch numbers less

than 0.20 and pressure drops of l0 to 20% of the initial pressure, the error in

determination of pressure drop is approximately 5%. Since the variation in the

condition of the residual helium at the end of p_Jwered flight causes an uncer-

tainty larger than 5% in the operating parameters and the tolerance in the flow

through the control valves is + 10%, the assumption of incompressible flow is

certainly justified. From the above conclusion a formula for relating tank

pressure directly to vehicle angular -_;cele_tion may be developed, thus eliminat-

ing the reiterative process:

T (III-4 )

_-= F_ (IIz-p)

F = _ ISP (ili-6)

= = _P2 (for helium) (III-7)j_-

P2 = PI - _P (lIT-8)

_ = '-62'(_2(K )_p 7 (m-9)
(_P2)2

= %PI (III-lO)

where

PI
C_ap= RTI = %PI (III-ll)
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Substituting Equation (III-lO) into Equation (III-8) we get

M2¢_P2_2
P2=P1- 5"1 ¢,n-_.2)

_'1"2:_Pl2-M2_P22 ¢nI-13)

and solving for P2:

_MI2

Alsc_ since negative pressure does not exist the only physlcal solution of

Equation (III-]4) is

= P1 _2

Solving Equation (III-4) in terms of P1 we get

L (isP)(q)

_/_ (III-16)

It is assumed in Equation (III-16) that the only varla_le for each pneu-

matic circuit is PI" Thus, for each circuit the factors such as ISP, _
etc., must be established.

A;

The ISP for pure helium has been established by altltud3 tests at 152 sec

for the roll thrust nozzles and 199 sec for the pitch/>aw nozzles. The roll

nozzle ISP is reduced due to impingement of the Jet stream on the vehicle skin.

As the thrust of the roll Jets is tangential to the vehicle skin s thelr location

is a compromise between a loss of ISP and extending the nozzles further into
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the air stream. At the present time the frictional heating of the nozzles is

held to acceptable levels and extending them further from the skin would raise
i
. the nozzle surface bemperature. Since the thrust of the pitch/yaw Jets is at

right angles to the vehicle skin_ this impingement loss does not exist with

these nozzles.

The _A (effective area for each control valve - pitch/yaw, roll control,

and despin) was obtained from the control specification, SGC 71009. These

values are listed in Tables III-2 and IIT-3 •

The _ast item, K fk and _ remain con-
D-_, is the most complex. Since K - D

stant for a given length of tubing it is apparent that K will vary as the fric-

tion factor. Reference IIl-1 plots the friction fsctor as a function of NR.

Since NR varies directly as the pressure, it is seen that the pressure loss due

to piping friction will vary slightly with pressure. This variation, as shown

by tests, will amount to 10% of the pressure drop. This will represent an un-

certainty in the mass flow through the nozzles of about 1._%. To determine the

actual loss coefficient for the pitch/yaw circuit, laboratory tests were run

and _ calculated for both the total circuit and individual components. As
l#

test data indicated that the tubing used has a higher friction factor than

estimated, all pressure drops in the pitch/yaw circuit were calculated using

the test data. 2he friction factors obtained from the pitch/yaw tests were

used in calculations for the roll circuit. This friction factor remains con-

stant between a tank pressure of 300 to _00 psia and increases at pressures

less than 300 psla. Therefore, the friction factor remains essentially constant

over the majority of the range of interest° The complete _ydraulic resistance

diagram is shown in Figure III-2.

The curves of Figures III-3 and III-4 represent the graphical solution of

Equation (III-16). In F_gure III-5, the roll control acceleration was calculated

from Equation (III-7) since the pressure drop between the T0ank and the inlet to

the roll ccntrol manifold is less than 1 psi.

Calculation of the nozzle characteristics is independent of the remainder

of the circuit as sonic flow first occurs at the control valve seat. Thus ths

flow rate is independent of conditions downstream of the valve seat as long as

III-9
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the pressure ratio across the valve s_at remains less than 0.48 (Helium only).

To accomplish this the only requirement is that the _A of the nozzle throat be

large enough to permit the required flow rate at a low enough chamber pressure.

The nozzle characteristics are listed in Tables III-2 and III-3. Figures III-6

to III-8 show chamber pressure as a function of tank pressure.

Figures III-9 to III-12 show the response time of the control valves as a

function of inlet pressure and temperature. To these times must be sdded the

pressure build up and decay time constants of the nozzles. In the case of the

pitch/yaw valves, this time constant is smaller than the time constant of the

roll circuit since there is less ullage volume downstream of the control valve.

The equation for the force buildup of the pneumatic system is:

F(t)= IsP i - exp - (Ill-17)
L Vull

For the thrust tail-off the expression is:

F(t) = isP d, exp - t ( T-18)
Vull

%
ar_ the time constant is:

: Vul1
' (III-19)

0.2093 (CDA)noz R

The characteristic time constants for each circuit are listed in Tables III-2

and III-3.

Attention is drawn to the point that all the above values are based on the

use of pure helium gas. The flow rates, ISP, pressure drops, etc., are calcu-

I lated for a gas with a specific heat ratio (k) of 1.66. In the vehicle this

condition does not exist since the helium has been contaminated with the pro-

pellants. Since the relative acceleration between the propellants and the ve-

hicle tankage is small (N 0.04 g)3 this contamination may come about by either

of two methods. The one generally assumed is that the residual propellants, if

any, drift to the forward end of the tanks, leaving a mixture of propellant

III-6

1966018035-154



vapor and helium at the valve pressure tap. The other possibility is that the

residual propellants may either be dispersed as a fine mist or the liquid may

be located at the valve pressure tap. In this case liquid may flow through the

ACS _control valves and nozzles, instantly vaporizing upon passing the nozzle

throat• This vapor acts as a gas with a specific heat ratio different from

that of He. Since the Aerobee hydraulic circuit is normally balanced for a

fuel exhaustion shutdown, the greatest possibility of liqula finding its way

into the control valve pneumatic circuit exists in the oxidizer tank. Some

evidence of this has been noted in previous Aerobee l_O flights, as shown by

pitch jet gas impingement on the vehicle fins. However_ since the probability

of expelling liquid through the control jets appears low, the case of flowing

a propellant vapor-helium gas combination through the jets appears to be the
!

typical situation. As the vapor presmu-e of both propellants is below O.1
r

' atmosphere (Reference III-2) and the tank pressure is greater than 30 atmos-
"t

pheres, the percentage of vapor contained in the mixture is very small (.3%).

.: Thus, the mixture may be treated as pure helium gas
;

D. SAMPLE CALCULATION OF NOZZLE CHAMBER PRESSURE

During the solution of Equation (III-16) the expression for mass flow rate

in terms of tank pressure was found:

P1 +4 3.623

213.623 _)( 0"u_)93CDA._

I i (in-2o)
; J

This expression is suitable for the pltch/yaw and despln circuits. For roll

control, Equation (III-7) may be used for flow rate versus tank pressure. Note

that only half the total flow rate goes through each nozzle in the roll circuit.

The numerical values for _, in terms of tank pressure, of each nozzle are

Pitch/yaw

_noz = 0._18 x 10 -4 P1 (III-el)

III-T
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Despin

i,

_oz=o._.o7xio"3Pl (TTT-22)

" Roll control

&noz= o.134x lo-4P1 (ITT-25)

Since Equation (III-7) is the general equation for sonic flow of helium through

a nozzle it may be rearrarged to give chamber pressure in terms of weight flow:

PC = 0.2093 CDA (III-24)

Substituting Equation_ (III-21) through (III-23) into Equation (III-24) and

using the proper CDA for each nozzle (a constant temperature of _20°R is used),

the following equations for nozzle chamber pressure in terms of tank pressure

are found:

_..__ '...a_[j_..
i

Pc : 0.204P1 (i_-2_)

Roll control

PC = 4.49x i0-2 P1 (.IZ_.I-26)

Despin

PC = O.360 P1 (III-27)

For example, if tank pressure = 400 psia, chamber pressure is as follows:

Circuit Chamber Pressure (psia)

Pitch/Yaw 81.6

Roll 18.0

Despin 144.0

The graphs of these equations are presented in Figures III-6, III-7, and III-8.

III-8
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Table III-i

SYMBOL IDENTIFICATION

Symbol Description Units

P1 Tank pressure psia

P2 Valve inlet pressure psia

f Friction factor

k Line length in.

V 1 Inlet velocity ft/sec

g _ Gravity constant 52.2 ft/sec 2

D Diameter in.

vI Specific volume ft3/lb

Angttlar acceleration deg/sec 2

T Torque ft -lb

Moment of inertia slug-ft 2I

L Lever arm 12.5 ft!

i F Thrust ib

Flow rate lb/sec

: CDA Effective area in.2

T Temperature oR
)

2_P Pressure difference psi

Specific weight lb/ft3

k
K Constant, f S _

R Specific gas constant, He 386.3 ft/°l

ISP Specific impulse sec

VulI Volume between valve seat and in3.
nozzle throat

Nm M_ch number _

k Specific heat ratio -

o.2o93%AP2  b/sec

III-i0
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Table III-i (Continued)

SYMBOL IDENTIFICATION

Symbol Description Units

M2 3.623 D--_ in-4

1 ft -1

RTl

NR Reynolds number -

III-ll
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Table III-2

PITCH/YAW CIRCUIT PARAMETERS

i. Valve Per AGC Spec 71009

a. P.N.13535

b • Vendor: Allen Engineering, Burbank, California

c. Flow rate

0.0175 to 0.0215 lb/sec He

at 60°F and 300 _+15 psia, ]-5psia

back pressure

d. Response time (maximum)

open 90 ms

close 20 ms

2. Pitch/Yaw Nozzles

a. Effective throat area 0.0275 in.2

i b. Throat dla. 0.192 in.

c. Area ratio: 18 to 1
.;

} d. Exlt angle: 9° 40'

i e. Characteristic time constant - .5 x lO-4 sec

't

I£I-12
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Table III-3

ROLL CIRCUIT PARAMETERS

A. Valves

_. Despin Valve Per AGC Spec 71009

Spec flow rate: 0.0755 to 0.0818 lb/sec He at 60°F at 300 + 15 psia

inlet, 15 psia back pressure

2. Response time

Open-Max Close-Max
70 ms 70 ms

3- Vendor: Future craft Corp., E1 Monte, California

4. Service

P/N 20435-2 to be used with analine - furfuryl alcohol (Aerobee 150)

P/N 20435-4 to be used with IRFNA (Aerobee 150A)

B. Roll Control Valves

1. Spec flow rate: 0.0070 to 0.0085 lb/sec He at 60°F at 300 __ 15 psla

inlet, 15 psla back pressure

2. Response time

Open-Max Close-Max
50 ms lO ms

3- Vendor: Allen Engineering Company, Burbank, California

4. Service is either furfuryl alcohol - anallne or IRFNA

C. Roll Control Nozzles

1. Effective throat area: 0.0341 In.2

2. Throat diameter: 0.208 in.

3. Area ratlo: 15.7

4. Exit angle: 9° 40'

%o.9
6. Characteristic time constant 7.05 x lO-4 see

zzz-15
!

i
&
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Appendix IV

BRE__d)BOABDFACS SUBASSEMBLY AND MODLV_ TEST DAT_

CONTENTS

A. Static Inverter

B. DC Power Supply

C. Programmer

D. IACS ConT,rol Electronics

E. SACS Control Electronics

F. Roll Stabilized Platform

Go Rate Gyros

}!o Full Trigger

I. Half Trigger

J ° Demodulator

K. Absolute Value Circult
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A° STATIC INVERTER

NO LOAD BENCH MEASUREMENTS

Input Voltage 28 VDC

Input Current •570 A_,

Output Voltage _A 25.870 VRMS

Output Voltage _B 25.960 VRMS

Frequency 399.9 CPS

Phase 91.1 Degrees

SHORT CIRCUIT PROTECTION

Each phase was short circuited independently 5 times for a minimum of lO

seconds each time while monitoring the output_ Operation of the inverter was

verified after the test.

DEFINITION OF TEST LOADS

No load - open circuit outputs

1/2 load - (each pha_e) VA = 61.5 o L

c=50

x R
C

: R=7.5_ Z

Z: ll_ Ct

P.F, = .73 |
I

Full Load - (each phase) VA = 123

C --lO0 _f Z = 5.5

I X = 4 _ P.F.= .73
I c

i R = 3.75
I

! PERFORMANCE TESTS

': Table IV-I shows the results of the room temperature test performed on the

' static inverter. Performance date at the temperature extremes of 40°F and 120°F

are shown in Tables IV-2 and IV-3.

IV-2
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Table IV-I

ROOM r[_MPERATURETF_T - STATIC INVERTER

Power Factor = 1.O Power Factor = 0.73
Parameters Measured

1/2 Load Full Load 1/2 Load Full Load

Input Voltage at +28 VDC

Input Current (ADC) lO. 0 20.0 lO.0 19,0
Output Current (ARMS) _A _ .5 5.1 2,4 4,8

Output Current IAA__)_ 2.5 5ol 2°4 4J8Output Voltage 25.880 26.070 25.940 26.240
Output Voltage _B - VRM;_ 96.030 26.120 26.197 26,750
Total Harmonic Distortion _A l_3 lo4 1.56 1.7

Total Harmonic Distortion _B .8 1.3 1.0 1.4
Frequency 399.9 399.9 399.9 400.1
Phase 90.9 90.0 90.1 90.0

r

i_.2utVoltage at +24 VDC

Input Current _ADC ) ll.0 21.0 lO.2 19.2
Output Current (ARMS) _A 2.5 5.1 2.4 4.0

Output Current (ARMS) _B 2.5 5o i 2.4 't.8

Output Voltage _B_)A_ VRMS 25.870 26.104 25,9_ 2r.!70Output Voltage VRM_ 25.890 25.840 26.250 26.650
Total Harmonic Distortion _A 1.2 1.25 1.5 1.72
Total Harmonic Distortion _B •76 1.3 °9 1.35
Frequency 400.0 400.1 400.0 400.O
Phase 90.9 90.0 90.1 90.0

Input Voltage at +34 VDC

Input Current (ADC) ll.O 21.0 lO.2 19,e

Output Current (ARMS) _A 2.5 9.i 2.4 4,8

Output Current (ARMS) _B 2.5 5.1 2.4 4.8

Output Voltage _A _ 29.830 26.130 2_=.850 26.3.50
Output Voltage _= --,_,_ 25.970 25.940 26.180 ')_6,620
Total Harmonic Distortion _A i.ii i.12 1.25 I.4
Total Harmonic Distortion _B •710 1.21 •730 1,20
Frequency 400.i _O0__ 400.3 400.2
Phase 90.9 90.0 90. i 90.0
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Table IV-2

40°F TEMPERATURE TEST - STATIC INVERTER

Power Factor = io0 Power Factor = 0.73
Parameters Measured

1/2 Load Full Load 1/2 Load Full Load

Input Voltage at +28 VDC

Input Current (ADC) lO.1 20.5 lO.0 19 o0
Output Current (ARMS) _A 2.5 5. i 2.4 4,8

Output Current (ARMS) _B 2.5 5o i 2.4 4.8
Output Voltage _A - VRMS 2_.890 26°Oh9 25.969 26.190
Output Voltage _B - "@_RMS 26. OlO 26.260 26°310 26.840

Total Harmonic Distortion _A i.45 i o6 i.69 i.8
Total Harmonic Distortion _B •9 1.3 1.1 1,3
Frequency 399- 6 399- 6 399@7 399.8
Phase 91.0 90.9 91,0 90.9

.,,..

Input Voltage at +24 VDC

Input Current (ADC) ll.0 20°3 lO.1 19 •1

_Itput Current (ARMS) _A 2,5 5.1 2.4 4.8
Output Current (AP_£) _B 2.5 5.1 2°4 :'.!..8
Output Voltage _A - VRMS 25.910 26.050 25.960 26° 220
Output Voltage _B - VRMS 25.930 260i00 26.280 26.710
Total Harmonic Distortion _A 1.42 i.5 io_ i.7

Total Harmonic Distortion _B •9 i.25 i°0 i o29
Frequency 399°8 399.9 399.9 399,9
Phase 91.0 90.9 91.0 90,5

input Voltage at +34 VDC
......... ,....

Input Current (ADC) ll.0 20.9 10.0 19,O

Output Current (ARMS) _A 2.5 5oi 2.4 4,8

Ou0put Current (AI_MS)_B 2._ 5oi 2.4 4.8
Output Voltage _A - VRMS 25.890 26.080 25.850 26.140
Output Voltage _B - VRMS 26.036 26.300 26.270 26.810

Total Harmonic Distortion _A 1.3 1.3 l,38 1.4
Total Harmonic Distortion _B .8 1.ll .83 1.29
Frequency 399.9 400.0 400.0 400.0

Phase 91.1 90°9 91.0 90.9
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Table IV-3

i20°F TEMPERATURE TEST .-STATIC INVERTER

Power Factor = io0 Power Factor = 0.73
Parameters Measured ........

1/2 Load Full Load 1/2 Load Full Load
.,.,,,,,,,

Input Voltage at +28 VDC

Input Current (ADC) i0°i 20.0 i0.0 19 •0

Output Current (ARMS) _A 2.5 5-i 2@4 4o8
Output Current (ARMS) _B 2.5 5o0 2.4 4.8
Output Voltage _A - NEWS 26.OlO 26.030 26.000 26 o270
Output Voltage _B VRMS 25.970 25.990 26.120 26.380
Total Harmonic Distortion _A 1.2 1.59 1.25 1.40

Total Harmonic Distortion _B .86 i.55 io0 i °40
Frequency 400.1 400.2 400.2 400.3
Phase 91.0 91o 0 91.0 90.0

Input Voltage at +24 VDC
......... ,,, ,,,,,,,, , ,,, .m

Input Current (ADC) ll.0 21o 0 lO°1 19.0
Output Current (ARMS) _A 2.5 5.1 2.4 4.8
Output Current (ARMS) _B 2.5 5.0 2.4 h.8

Output Voltage _A - VRMS 25°920 26° 080 25.780 26,230

Output Voltage _B VEMS 25.670 25° 650 26°050 26.650
Total Harmonic Distortion _A 1.i i.05 .82 i oOl
Total Harmonic Distortion _B •9 io2 io0 i oOl
Frequency 400.2 400.1 400oi 400.2

Phase 91.1 91.0 91.0 90.0
,_,,,,.,.,, -.

Input Voltage at +34 VDC
,,,,...

Input Current (ADC) ll°0 20.0 lO. 1 19o0
Output Current (ARMS) _A 2.5 5.i 2@4 4.8

Output Current (ARMS) _B 2.5 5.0 2.4 4.8

Output Voltage _A _ 25.870 26.030 25.920 26.180
Output Voltage H_ --,_,_ 25.740 25.330 26.030 26.270
Total Harmonic Distortion _A •98 i.4 •94 •94

Total Harmonic Distortion _B .8 i.30 •74 i.0
Freqaency 400.1 400.2 400.0 400.0
Phase 91.0 91.0 91.0 90,0
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FOUR HOUR STABILITY TEST

The static inverter was run continuously for four hours with a resistive

half load. The stability of each outpt_t phase is shown below:
i

Time E _A
: (Minutes) (_) (_)
l
|

0 25.930 26.130

15 25.9oo 25.98o

3o 25.9oo 25.910

45 25.9oo 25.9oo

6o 25.910 25.89o

75 25.900 25.894

9o 25.88_ 25.894

105 25.894 25.884

12o 25.909 25.884

135 25.909 25.910

150 25.910 25.898

165 25.910 25.890

180 25.9o0 25.890

195 25.900 25.880

210 25.910 25.880

225 25.910 25.870

240 25.900 25-900

WORST CASE CONFIDENCE TEST

The static inverter was mounted in the center of a 20-inch-square_ 3/8-

inch-thick aluminum plate heat sink and run with a full load (P.F. = 0.73) for

30 minutes. Thermocouples were attached to one of the STC 1726 power transistor

studs, to the corner of the transistor mounting block, and to the heat sink

plate (5 inches from the transistor mounting block)o Figure IV-1 shows the

results of this severe test.

IV-6

1966018035-179



Figure IV-1. Worst Case Confidence Test, Static Inverter
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B. DC POWER SUPPLY

NO LOAD BENCH MEASUREMENTS

+l_ VDC Supply

Input Voltage +28 VDC
Input Current 10.2 MADC
Output Voltag_ 15.008 VDC

Output Current 0 ADC

-15 VDC Supply

Input IToltage 26.020 VEMS
Input Current 90 MARMS
Output Voltage 15.045 VDC

Oatput Current 0 ADC
Ripple .25 MVRMS

1/2 LOAD BENCH SETTINGS

: +l_ VDC _apply

Input Voltage 28 VI_
Output Voltage 14.999 VDC

-15VDCSupply

Input Voltage 25.983 VRMS
Output Voltage 15.023 VDC

SHORT CIRCUIT PROTECTION

Each output was short circuited independently five times for a minimum of

lO seconds each time while monitoring the output. Operation of both supplies

was verified after the tests.

DEFINITION OF TEST LOADS

No Load - open circuit outputs

1/2 Load - (each output) 5.65 watts

ipv 4on
- .375A -

Full Load - (each output) ll.3 watts

2on
= .75A --

IV-8
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PERFORMANCE TESTS

Table IV-4 shows the results of the room temperature test performed on the

FACS DC power supply. Performance data at the temperature extremes of 40°F and

120°F are shown in Tables IV-5 and IV-6.

FOUR HOUR STABILITY TEST

The DC power supply was run continuously for four hours with a resistive

half load. The stability of each output is sho%m below.

Time +Eout -Eout

(Minutes) (VDC) (VDC)
...... i .,Ill

0 15.006 15.037

15 15.005 15.036

30 15.005 15.036

60 15.006 15.033

90 15.oo5 15.o34

120 15.006 15.035

150 15.006 15.035

18o 15.oo6 15.o55

21o 15.o06 15.o35

240 15.006 15.034
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Table IV-4

ROOM TEMPERATURE TEST - DC POWER SUPPLY

Parameters 1/2 Load Full Load
..,,,,..

+15 VDC Supply
.,.. .,,,

Input Voltage (VDC) 28 28
Input Current (ADC) •380 .760
Output Voltage ',VDC) 14o999 14.996

, \
Output Current ,ADCj •370 .750

,,... ,

Input Voltage 24 24
Input Current o380 _760

' Output Voltage 14.997 14.994
Output Current •370 •750

Input Voltage 3h 34

Input Current 380 .760
Output Voltage , 002 14.999
Output Current •370 •750

: -15 VDC Supply i

Input Voltage (VRMS) 26 26
Input Current (ARMS) •630 1.17
Output Voltage (VDC) 15.026 15.G21
Output Current (ADC) o370 •750
Ripple (_q_) o57 .84

Input Voltage 25.5 25.5
Input Current .630 I.17
Output Voltage 15.G25 15.020

Output Current •370 •750
Ripple o57 •85

Input Voltage 26.5 26.5
Input Current. •630 1.17

Output Voltage 15.025 15 o020
Output Current •370 •750
Ripple °57 .85O

IV-lO

1966018035-183



Table IV-5

40°F TEMPERATURE TEST - DC POWER SUPPLY

,,,,,

Parameters 1/2 Load Full Load

+15 VDC Supply

Input 28 28
Input Current (ADC) •380 •760

Output Voltage [VDC) 15. O01 14.998
_atput Current [ADC) •370 .750

Input Voltage 24 24
Input Current •380 •760
Output Voltage 14.999 14.996

Output Current •370 •750
,L

I

Input Voltage 34 34
Input Current .380 •760

Output Voltage 15.004 15.001
Output Current •370 •750

: -l_ vDC Supply
"I

Input Voltage (VRMS) 26 26
Input Current (ARMS) .635 lol7
Output Voltage [VDC) 15.034 15.029

• Output Current [ADC) •370 •750
Ripple (VRMS) .61 •94

Input Voltage 25.5 25.5
Input Current •635 1.17
Output Voltage 15.033 15.028

Output Current •370 •750
Ripple .63 •94

,,,,,,,,,,, .,,,,

Input Voltage 26.5 26.5Input Current •635 1.17
Output Voltage 15.032 15.027
Output Current •370 •750

] -tpple 1.2 1.45

IV-II
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Table IV-6

120°F TEMPERATURE TEST - DC POWER SUPPLY

i

I Parameters 1/2 Load _ull Load

; +15 VDC Supplyi
.......... j,,

Input 28 28
Input Current (ADC) .380 .760
Output Voltage (VDC) 14o997 14.994
Output Current (ADC) •370 •750

Input Voltage 24 24

Input Current •380 .760
Output Voltage 14.995 14.992
O_tput Current o370 •750

Input Voltage 34 34
Input Current .380 .760
Output Voltage 14.999 14.796

Output Current •370 •750
. . ,,., |,.,,

-15 VDC Supply

Input Voltage (VRMS) 26 26
Input Current (APMS) .630 lol7
Output Voltage (VDC) 15.019 15.014
Output Current (ADC) •370 •750
Ripple (VRMS) .62 •940

Input Voltage 25.5 25 •5
Input Current °630 1 o]-,7

Output Voltage 15o018 15.013
Output Current •370 •750
Ripple .61 •93

,|,.. i

Input Voltage 26.5 26.5
Input Current •630 1.17
Output Voltage 15°018 15.013
Output Current •370 •750
Ripple •59 .88

IV-12

1966018035-185



C. PROGRAMMER

GEHERAL

The program shown below was used for _ne programmer performance test.

Resistors were used to simulate gyro torquer motor windings. All connector pin

numbers are referenced to Figure I-3 in Appendix I.

Hold Time Maneuver

Ledex Approximate
Position Seconds Note Axis Magnitude Direction

, ,, ,,,i

12 Start Position

1 0 T Yaw 79 ° CCWO

2 69 T1 Yaw 30 ° CCW

3 0 T Yaw 30 ° CW
O

4 69 T2 Pitch 19° CCW

9 0 T Pitch 19o CW
O

6 69 T3 Roll 30 ° CW
7 0 T Roll 30 ° CCW

O

8 69 T4 Pitch 30 ° CW

9 0 To Pitch 30 ° CCW

lO 0 T Yaw 30o CW
O

ll

ROOM TEMPERATURE TEST

i. Program Position Monitor

i a. 9.01 VIE was applied to PII-17.

: b. The ledex and record program position output (PIO-3) voltage was

advanced for all positions. The program position output is shown
below.

IV-13
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Ledex Position Output (VDC) Step Change

12 0 5.010

>.OLO o. 453
2 4.557

O.45_

3 4.1o5 O.k_
4 5.649 - 0.455
5 3.196 O.468
6 2.728 '

-- c.455
7 2.273 0.455
8 1.818

0.454
9 1.364 0.455

= lO O.911 O.456,,,,, , ........ ,,,,,,,, , ,

ll o. 455 . o.4_5
12 0

2. "AND" Gates

The results of tests run on "AND" No. i, No. 2j and No. 3 (all produce the

the same results) are shown below.

Supply Voltage at (VDC)
Input Voltage .......

(v_c) +24 +28 +34

MinD,urnto fire +7.5 +7.5 +7.5

Normal-True +15 +15 +15

i, Normal-False +0.45 +0.45 +C.45
i Maximum
I

I
I
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3. FlipTFIop Tri_geri_

a. Flip-Flop No. i

The minimum voltage (applied to PIO-6) to change transistor QIO
from the OF_' state to the ON state is ."3-4VDC. The normal volt-

ages applied are zero or +24 to +34 VDC.

The vtltages required at the collector of transistor Qll to
change transistor QII from the ON state to the OFF state is +6 VDC°

The normal coJlector voltage of QII is either VcE-Sat (maximum of
+0.4_ VDC) or +i_ VDC.

b. Flip_Flop No. 2

The minimum vcltage (applied to PI0-6) to chaise transistor QI6
from the OFF state to the ON state is 3.6 VDC. The nol_al volt-

ages applied are zero or +24 to +34 VDC.

The voltages required at the _ollector of transistor QI_ to
change transistor QI6 from the ON state to the OFF state is +6 VDC.

The normal collector voltage of QI_ is either VcE-Sat (maximum of
+0.4_ VDC) or +15 VDC.

The minimum voltage applied to the cathodeof CR36 required to
change Q16 from the OFF state to the ON state is +6 VDC. The nor-
real trigger pulse fromthe hold time delay circuit is a 12-volt de-

caying exponential of about two-milllseconds dt'2ation. Except
for the trigger pulse, zero volts is opplied t_ CR36.

c. Flip-Flop No. 3

The minimum voltage (applied to PI0-6) to c_hange transistor Q18
from the OFF state to the ON state is 3.8 VDC. The normal volt-

ages applied are zero or +24 to _34 _DC.

The minimum voltage applied to the cathode of CR36 required to

change Q17 from the OFF state to the ON state is _.9 VDC. The
j normal trigger pulse from the hold time delay circuit is a 12-
-_ volt decayir_g exponential of about two-milliseconds duration.

F_cept for the trigger pulse, zero volts is applied to CR36.

The minimum voltage applied to the Junction of CR41 and R72 to
change transistor Q18 from the OFF state to the ON state is +3.3

VDC. The normal voltages applied are zero and +15 VIE.

The minimum voltage applied to the Junction of CR40 and R72 to
change transistor Q18 from the OFF state to the ON state is +l.0

VIE. The normal voltage is applied through a 10K resistor from
test poi,lt No. 4 in the programmer trigger. The normal voltages
at test point No. 4 are -0.9 and +5 VDC.

IV-15
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TEMPERATURE TESTS

By applying +28 VDC to PIO-2, the programmer self sequences itself through

a complete program. This method was used to check the overall programmer logic

performance. Test runs were made at temperatures of +40°F, room temperature,

and +120°F at main supply voltages of +24, +28, and +34VDC. The primary pro-

grammer outputs were recorded to check the sequential logic functions of the

p_ogrsm_er.

The inner gimbal compensation network was grossly checked to see that _or_u-

ing time was a function of the input angular signal. The relation used was t =

to cos e, where to = torquing time with e = O.

1. Coast Time Delay

The results of the temperature tests on the coast time delay are shown

below. The time delay was set for a nominal 9 seconds.

Supply Temperature
Voltage (VDC) +40°F Room +120°F

+22 9.3 9.3 9.4

+28 9.2 9.2 9.2

+34 9.0 9.0 9.1

2. Hold Time Delay

a. A nominal 65 seconds was used for each of four test time delays.

b. The hold time delay circuit resets from its maximum output of
6.5 VDC to zero in less than 5 milliseconds.

c. The worst case time delay variation for all supply voltages and

tei,@eratures was + 2.1%. The variation at constant temperature

was less than 1.O_.

d. The results of the temperature test on the hold time delay are
shown below.
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Time Supply - 6......... Temperature
Delay Voltage +40 F Room Temp +120°F

24 65.9 64.9 64.8

T1 28 65.7-66- 2 64.6-64.7 64.4-64.7

34 66. i 65.0 64.7

24 66.3 65. i 65.0

m 28 66.3-66.8 64.8-65.0 64.2-64.9"2

34 66.5 6.5.2 64.3
,. • • ,, H,,m.,,, ,, .....

24 66.0 65.2 65.0

T3 28 66.2-66.6 64.8-65. i 64.3-64- 9

34 66.4 65.3 64.5

24 66.5 65.6 65.4

T4 28 66.5-66.9 64.9-65.3 64.6-65.3

34 66.7 65.6 65.3

T All 0.5 0.5 0.5
O
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D. IACS CONTROL ELECTRONICS

GENERAL

All tests on this subassembly were performed under ambient conditions and

at rated supply voltages unless otherwise specified. All AC test signals and

angular measurements were obtained with a position gyro synchro index head.

Connector pin numbers refer to Figure I-5 in Appendix I.

ROOM TEMPEPATURE TESTS (NOTE - Resistor loads were used to simulate valves. )

Roll Capture

Input Apply AC test signal at P12-34 (demod input)

Output Monitor half trigger output at P12-2

Capture Measured input angle: 1°30 '

Input Apply +15 VDC at P12-6 (AND roll capture)

Output Monitor P13-32 (roll capture)

Jumper P12-28 to P12-29

Check that relay K3 locks up properly when +15 VDC at P12-6 is removed

Roll Position

Ground Rate channel input at P12-19

Input Apply AC test signal at P12-34 (demod input)

(kltput Monitor P12-14 (CCW valve) and P12-15 (CW valve)

CW Measured switch point: 14.2 arc min (in-phase input)

CCW Measured switch point: 15.7 arc min (out-of-phase input)

Output Monitor output at P13-16 (roll position demod)

Check Operation satisfactory

Apply +28V to P12-7 (arm roll). Observe continuity between P12-15 and
P12-16 when K7 is activated.

Roll Rate

Ground Position channel input at P12-34

Input Apply AC test signal at P12-19 (buffer input)

Output Monitor P12-1 J' (CCW valve) and P12-15 (CW valve)
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K_ Deactivated:

CW 6.4 arc min (in-phase input)

CCW _ arc min (out-of-phase input)

.K._Lctivated: - by applying +15 VDC to P12-6.

CW ll.7 arc min

CCW _ arc min

_in Transfer RelayI

Check that relay (KT) is energized and self-latched by the roll C_W valve

driver.

Pitch Capture

Jumper P12-22 to P12-23 (high level)

Input Apply AC test signal at P12-33 (demod input)

Output Monitor P12-4 (pitch capture signal)

Capture Measured input angle: 1°54 '

Jumper P12-23 to P12-24 (low level)

Capture Measured input angle: 22 arc min)

Output Monitor P13-33 (pitch capture)

Check Operation satisfacto_,

Pitch Position

Ground Rate channel input at P12-20

Apply +28 VDC to P12-8 (errol test)

Input Apply AC test signal at P12--33 (demod input)

: Output Monitor P12-12 (CCW valve ) and P12-13 (CW valve )

CW Measured switch point l__ arc min (in-phase input)

CCW Measured switch point _ arc min (out-of-phase input)

Output Monitor P13-18 (pitch position demod): check satisfactory

Output Monitor P13-36 (pitch position DC): check satisfactory

Remove +28 VDC from P12-8: check satisfactory

Apply +19 VDC to P12-6: check satisfactory

Check Observe continuity from P12-31 to ground

Check Control of valve driver by K6: check satisfactory
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Pitch Rate

Ground P12-33 (position channel input)

AppSy +28 VDC to P12-8 (error test)

Input Apply AC test signal at ?12-20 (buffer input)

Output Monitor P12-12 (CCW valve) and P12-13 (CW valve)

K1 Deactivated: Low KR

CW 9.0 arc mln (in-phase input)

CCW 8.2 arc min (out-of-phase input)

K1 Activated: (400 cps signal to P12-23) High KR

CW 5.5 arc mln

CCW 1.6 arc min

Output Monitor P13-21 (pitch rate demod): check satisfactory

Yaw Capture

Jumper P12-25 to P12-26 (high level)

Input Apply AC test signal at P12-32 (demod input)

Output Monitor P12-5 (yaw capture signal)

Capture Measured input angle - 2°

Jumper P12-26 to P12-27 (low level)

Capture Measured input angle 24 arc min

Output Monitor P13-34 (yaw capture)

Check Operation satisfactory

Yaw Position

Ground Rate channel input at P12-rl

Apply +2_Z to P12-8 (error test)

Input Apply AC test signal at P12-32 (demo<linput)

Output Monitor P12-10 (CCW valve) and P12-11 (CW valve)

CW Measured switch point 15.1 arc min (In-phase input)

CCW Measured switch point 15.1 arc min (out.-of-phase input)

Output Monitor P13-19 (yaw position demod): check satisfactory

Output Monitor P13-37 (yaw position DC): check satisfactory
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Remove +28 VDC from P12-8: check satisfactory

Apply +l_V to P12-6: check satisfactory

Apply +28 VDC to P12-8 (error test) with +28 VDC removed from P13-9

Check Observe continuity from P13-9 to P13-3P

Check Control of valve drivers by K6: check satisfactory

Yaw Rate

Ground P12-32 (position channel input)

Apply +28 VDC to P12-8 (error test)

Input Apply AC test signal at P12-21 (buffer input)

Output Monitor P12-10 (CCW valve) and P12-11 (CW valve)

K2 Deactivated: Low KR

CW 8.8 arc rain (in-phase i_nput)

CCW 8.6 arc min (oat-of-phase input)

K2 Activated: (400 cps signal to P12-26)

CW 4.___7arc miu

CCW 2.___7arc min

Output Monitor P13-22 (yaw rate demod): check satisfactory

Slave Roll

Input Apply AC test signal at P12-35 (demod input)

Apply +I_V to P13-13

Apply -l_V to P13-12

i Output Monitor P12-9 (S.R. null), P12-36 (S.R. tor cont),. P12-37 (S.R. tor ref)

i Measured Trigger Points:
!

CW 14.6 arc min (in-phase input)

• CCW 14.8 arc rain (out-of-phase _nput)

Apply +lSV to P12-3 (arm S. roll)

Output Monitor P_2-18: check satisfactoz_

Minimum SCR trigger voltage _._ VDC

Output Monitor P13-17 (demod output): check satisfactory
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!
r

Buffer Amplifiers (Rate Channels)

. Roll Amplifier
!
|

Input to P12-19

Output from Q1

: Dynamic Range 18 VP-P

Input Impedance ll° 4K ohms

Output Impedance 46 ohms

Voltage Gain 1

Pitch Amplifier

Input to P12-20

Output from Q2

Dynamic Range 15 VP-P

Input Impedance ll°4K ohms

Output Impedance 42 ohms

Voltage Gain 1

Yaw Amplifier

Input to P12-21

Output from Q3

Dynamic Range 16 VP-P

Input Impedance ll. 4K ohms

Output Impedance 46 ohms

Voltage Gain 1

A summary of the foregoing test data and the results from the temperature tests

are included in Table IV-7.

The calibrated effect of the soft-limitlng of the output of the pitch and

yaw position demodulators is shown in Figures IV-2, IV-3, IV-4 and IV-5.

Figure IV-3 is an expanded scale of the region around null (+ 15°) of Figure

IV-2. Figure IV-5 is an expanded scale of Figure IV-4.
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Table IV-7

IACS TEMPERATURE TEST SUMMARY

,,,,,,,,,,

Function Room Temp 40°F 120°F
.... ,,,,,,,,, ,i

Roll Capture 1°30' i°31.8' 1°24 '

Roll Position CW 14o2 ' 15.0' 13.7 '

CCW 15.7' 16.2' 15.8'

Roll Rate*(High _) CW 6.4' 6.3' 6.2'

CCW 6.75' 6.S' 6.9'

(Low KR) CW ii.7' 10.7' i0.3'

ccw le.5' 12.6' 12.4'

Pitch Capture High 1°54 ' 2°5 ' 1°58. 6'

LoW 22 ' 23 •4' 21.2 '

Pitch Position CW 15.0 ' 14°9' 15.2 '

CCW 15.2' 15°5' 14.6'

Pitch Rate* (Low KR) CW 9.0' 8.3' 8.7'

cow 8.2' 8.7' 8.3'

(High KR) CW 5.5' 5' 5,2'

CCW 1.6' 2.2' 2.0'

Yaw Capture High 2° 2°4.8 ' i°5_ '

LOw 24' 24.6' 21.9'

Yaw Position CW 15.i' 14.4' 17.2 '

CCW 15.l' 16.0' ll.6'

Yaw Rate* (LOw _) CW 8.8' 8.3' 9'

CCW 8.6' 9.1' 8.1'

(HighKR) CW 4.7' 4.2' 5.0'
CCW 2.7' 3.2' 2.4'

Slave Roll CW 14.6' i4.5 ' 14.8'

ccw 14.8' 15.2' 14.6'

SCR - Minimum Trigger Voltage 5.5 VDC 5.6 VDC 5.4 VDC

Buffer Amplifiers

ZlnRo_ Ii_4K 10.8K lie

Zin Pitch ll.4K ilK ilK

Zin Yaw ii.4K ilk IIK
,, ,,,,,,. ,,,,i .,.,.

Observed unbalance in switch points attributable to bias voltages at demod

outputs. Corrected prior to assembly in FACS system.
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E. SACS CONTROL ELECTRONICS

GE_RAL

All tests on this subassembly were performed under ambient conditions and

at rated supply voltages unless otherwise specified. All AC test sign ls and

angular measurements were obtained with a position gyro s_mchro index head.

Connector pin numbers refer to Figure I-7 in Appendix I.

ROOM TEMPERATURE TESTS (NOTE - Resistor loads were used to simulate valves. )

Control Channel - LT Valves*

Input P19-1 Output Output

Pitch (SACSPitchPos) el4-21(CCW) P14-23(CW)

-.lO8 VDC X
+.lll VDC X

Input P15-2 Output Output

Yaw (SACS Yaw Pos) P14-24 (CCW) P14-26 (CW)

-.106 VDC X
+.i14 VDC X

Gyro Torquing Control Channel (Sensor Input)

Pitch Ground P14-4 (pitch position - DC )

Apply: +15 VDC to P14-6 to simulate (26V/0)

-15 VDC to P14-7 to simulate (26V_)

Input P15-1 Output P15-21 Output P15-22

(SACS Pitch Pos) (Pitch Torquer Ref) (Pitch Torquer Cont)

+.6_8 VDC -15 VDC +15 VDC (CCW)
-.630 VDC +15 VDC -15 VDC (CW)
0 0 0

Yaw Remove ground from P14-4 and apply to P14-3 (yaw position DC)

Input P15-2 Output P15-20 Output P15-19

(SACS Yaw Pos) (Yaw Torquer Cont) (Yaw Torquer Ref)

+.617 VDC +15 VDC -15 VDC (CCW)
-.623 VDC -19 VDC +15 VDC (CW)
0 0 0

l

Phasing reversed prior to installation in system.
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Gyro Torquing Control Channel (Position - Demod Input)

Pitch Ground P15-1 (sensor input)

Input P14-4 Output P15-21 Output P15-22

(Pitch Position PC) (Pitch Tor_:_er Ref) (Pitch Torquer Cont)

+.0860 VDC -15 VDC +15 VDC (CCW)
-.0830 VDC +15 VDC -15 VDC (CW)

0 O 0

Yaw Ground P15-2 (sensor input)

Input P14-3 Output P15-19 Output P15-20

(Yaw Position DC) (Yaw Torquer Ref) (Yaw Torquer Cont)

+.08o5voc -15VDC + 15VDC (CCW)
-.0807 VDC +15 VDC - 15 VDC (CW)

O 0 0

G_groSynchro Si6nal-Level Detector

400 cps input to P14-31 Output P14-33

Pitc____nn (Pitch Error) (Half-Trigger Output)

•072 Vrms X

400 cps input to P14-32 Output P14-35

Yaw (Yaw Erroz ) (Half Trigger Output)

.076 Vrms X

Time Delay Circuit (Time Delay No. 2)

Pitch TDeP

Time Delay 1.042 seconds

Drop-out 26.7 ms

Yaw TIY2Y

Time Delay 1.086 seconds

Drop-out 18.8 ms

SACS Torque NuLl

Pitch Check - Relay K2 and K3 operation satisfactory

Yaw Check - Relay K7 and K8 operation satisfactory
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Valve Switchover

Pitc_____h Check - Relay K4 operation satisfactory

Yaw Check - Relay K6 operation satisfactory

Case Relays

Pitch Check - Relay K9 operation satisfactory

Yaw Check - Relay KlO operation satisfactory

Flip-Flop No. 4

Minimum Start Voltage _.4V

Minimum Stop Voltage 3.OV

(NOTE: Flip-flop trigger circuit later modified to accept
SACS stop signal from programmer relay K3)

Time Dela_.TD1

Time Delay 1.0_6 seconds

Drop-out 30 ms

Time Delay TD_

Time Delay 0._18 seconds

Drop-out 30 ms

A summary of the foregoing data and the data at the temperature extremes is

included in Table IV-8.
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Table IV-8

SACS TEMPERATURE TESTS SUMMARY

Function Room Temp +40°F 120°F

Control Channel - LT Valves* - Pitch CCW -0.108 VDC -.ll2 -.104

CW +0.lll VDC •109 •109

Yaw CCW -0.106 VDC -.lll -.lO1

C* +0.114 VDC .i14 •117

G[rro Torquing Control Pitch CCW +0.648 VDC •633 •663

- Sensor Input CW -0.630 VDC -.636 -.611

Yaw CCW +0.617 VDC .620 .623

CW -0.623 VDC -.623 -.616

Gyro Torquing Control Pitch CCW +0.0860 VDC •0832 .0867

-Position Demod Lnput CW -0.0830 VDC -.0865 -.0810

Yaw CCW +0 0805 VDC .0807 .0811

cw -o.0807voc -.0807 -.0811

SACS Level Detector Pitch O.072 VRMS •075 •070

Yaw 0.076 VRMS .082 .074

Time Delay No. 2 Pitch delay 1.042 sec 1.075 •999

dropout 26.7 ms 24.1 29.7

Yaw delay 1.086 sec i.174 I.046

dropout 18.8 ms 16.6 21.0

Time Delay No. 1 delay 1.056 sec 1.108 1.022

dropout 30 ms 25 27

Time Delay No. 3 delay •518 sec •542 •503

dropout 30 ms 25.8 26

Phasing reversed prior to installation in system.
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F. ROLL STABILIZED PLATFOP/_ (RSP)

STE REQUIRED

RSP Test Box P/N 1111788 with modified torquing switches to allow two-phase

torquing, qTE J4 connector had pins 2, 7, 24 removed.

LAG ANGLE

i. Replace gyros with dummy gyros.

2. Install RSP in temperature conditioning chamber.

3. Use RSP test box to supply amplifier error signal.

4. Obtain error signal amplitud_ and phase as required in Table IV-9.

5. Convert error signal to equivalent gyro lag angle.

Table IV-9

RSP LAG ANGLES

Spin Rate (rps)

Direction 1 2 3,,, ,,, ,,,

of eqv. eqv.
Temp Spin my deg. v deg. v deg.

40°F CW 922.5 4.5 1.85 9 2.76 13.5

CCW 923.5 4.5 i.85 9 2.76 13.5

72°F CW 907.5 4.4 i.85 9 2.76 13.5

CCW 917.5 4.5 i.84 9 2.76 13.5
!

120°F CW 917.5 4.5 i.83 9 2.76 13.5

CCW 905.0 4.4 i.83 9 2.76 13.5

TRANSIENT RESPONSE

1. Manually offset the platform 17°.

2. Release platform and record the settling time on a Sanborn recorder.

3. Perform test in both CW and CCW direction.

4. Test results are shown in Figure IV-6.
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Figure IV-6. Transient Response Test
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STATIC DRI_ TESTS

i. Peplace the gyros in tne RSP.

2. Remove the locking pin from the RSP and apply AC power to RSP.

5- Insert the locking pin and torque all gimbals until they are caged.

4. At the start of each individual drift test, torque the subject gimbal
to null. Record the required data in Table IV-lO. Use the voltmeter
for magnitude and the oscilloscope for phase.

Table IV-lO

STATIC DRIF_ - RSP

,,,i,,,,

Channel Null 1 Min 2 Min 3 Min Phase

mv deg mv deg min mv deg min mv deg min

Roll 3-2 .016 13.0 .063 .063 15.1 .074 .037 15.2 .074 .025 Out

Pitch 3.2 .016 lO.O .049 .049 12.7 .062 .031 17.0 .083 .028 Out

Yaw 6.0 .029 15.8 .077 .077 16.0 .078 .039 16.4 .08 .027 In

S. Roll 6.O .029 18.8 .092 .092 19.2 .094 .047 20.0 .098 .033 Out

NC'IE: 1. Use nominal scale factor of 205 mv/deg.

deg deg
2. Drift (rain) = Atime where _time = i, 2, 3 rain.

TORQUING RATE

1. These tests are to be performed at 26 VAC on both control and reference
phases.

2. Bring gyros up to speed an_ insert locking pin.

3. Torque gyros to null and follow test sequence in Table IV-II.

Re-null each gimbal immediately prior to torquing test. Repeat
test sequence 3 times with lO min wait between each run.

4. For nominal irmer gimbal torquing rate, see equation below:

Sin e
Torquing Rate = Time
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NULL VOLTAGES

The synchro null voltages of the gyros used in the RSP are shown below:

Channel Null (my _s)

2o1± 3.4

Pitch 3.0

Yaw 6.0

S. Roll 6.1
i

NOTE: Roll to be obtained with locking pin _m:erted.

SCALE FACTOR (K)

i. Outer gimbal

a. Null gyros

b. Check input voltage and record 26.25 vrms

c. By rotating RSP_ obtain maximum output voltage for roll and
slave roll gyros. Roll to be obtained with locking pin
inserted.

d. Readings

Roll 12.0 VAC K = .457

S. Roll 11.8 VAC K = .449

e. Transformation Ratio = V out - K
V in

2. Inner gimbal

a. Mount RSP on single axis table with gyro axis parallel to table
axis. Follow test sequence shown below. Null gyro then turn

table through aD41e indicated and record voltage below. Repeat
for each angle. Input voltage: 26.25 VAC.

,,,, .... ,,,,,,,,,,,

Channel Direction i0° 20° 30° 40° Phase
.. ,,, ,,,,,

Pitch CW 2.07 4.O0 5.90 7.60 In

(VPMS) CCW 2.13 4.02 5.98 7.76 Out

Yaw CW 2.05 4.O0 5.90 7.64 In

(VRMS) CCW 2.05 4.O0 5.90 7.60 Out
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V out
b. Transformation ratio =

V _n sine

CROSS C(N/PLING

i. Mount RSP In single axis table and adjust gyros to give minimum cross
coupling . pitch and yaw.

2. Record below# the pitch gyro output for yaw gyro position of null_
30° CW# 300 CCW and yaw gyro output for pitch position of null,
30° CW, 30° CCW.

l.ll . :u .

Channel Null 30 CW 30 CCW
li,l .- , .ill

Pitch 3 mv 20 my 20 mv

Yaw 6 mv 22 my 22 my

G, RATE GYROS

i. Load the output of each gyro with IOK _. Use 1/4 watt resistors on
TB-1.

2. Mount the rate gyro assembly on the single axis table with the table
rotation axis parallel to the roll rate gyro input axis. Check the
output of the pitch and yaw gyros per Table IY-12. Check the output
of the roll rate gyro per Tables IV-13, IV-14 and IV-15.

3. Repeat instruction 2 above for pitch _o.

4. Repeat instruction 2 above for the yaw gyro.

Table IV-12

CROSS COUPLING - RATE GYROS

tRate Input Rate : Output Axis - VRMS

Axis _deg/sec ) Directi:)n Roll Pitch Yaw
%-- iii

i|i H i .

_oll 30 cw .ozo9 .o275

cow ,'.o155_ .o24oi i:,| ill, ili ,,ii al

Pitch 30 cw .041 / •025

ccw ._85 .035
p, i H i ,, j

Yaw 30 CW .0140 •0179 /

ccw ._ .o1_
,,,, , , ,,,,,,, ......

NOTE: All readings taken with true I_ meter, SGC 466, in Tables
IV-12, 17-13, IV-14, ancl IV-19.
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Table IV-13

ROOM TEMPERATURE SYNCHRO SCALE FACTORS - [JITE GYROS.

Rate (deg/sec)
.,, ,,,,,,,,, ,,,, ,,,,, ,,,,,,

Channel Direction 0 2 5 7 i0 20 30 40
. r

Roll - CW .0105 .285 .725 1.025 1.46 2..90 4.40 5.80

VRMS CCW .0126 •272 •725 i.020 i.45 2.90 4.38 5.75
u

Pitch - CW .0200 .258 .690 1.000 1.41 2.82 4.25 5.65
VRMS

CCW .0200 .274 .700 .980 1.42 2.80 4.20 5.60

Yaw - CW ' .0176 .264 .682 .950 1.37 2.72 4.10 5.40
VRMS

CCW .0160 .263 .680 .945 1.38 2.75 4.10 5.40
|

Table IV-14

SYNCHRO SCALE FACTORS - RATE GYROS

Rate (deg/sec)

Channel Direction 0 2 5 7 i0 20 30 40
...... .. _,, ,,, ,,,,, ........

Roll - CW .O135 .276 .715 1.02 1.46 2.82 4.40 5-75
VRMS

CCW .0150 .281 .725 1.02 1.46 2.y2 4.40 5.75
, ,,, ,,,,,, ,,

Pitch - CW .0174 .261 .695 .980 1.40 2.80 4.20 5.60
VRMS

CCW .0195 .277 .700 .985 1.42 2.82 4.25 5.60

Yaw - CW .0140 .260 •675 •950 i.36 2.85 4.05 5.40
VRM3

CCW .0152 .255 .665 .950 1.36 2.70 4.10 5.40
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Table IV-15

120°F SYNCHRO SCALE FACTORS - RATE GYROS

Rate (deg/sec)

Channel Direction 0 2 5 7 lO 20 30 40
,,,,,,, , ,,

Roll - CW •0155 .286 •730 i.04 i.49 2.94 4.45 5-80

ccw .0125 .275 .72o 1.o25 i.47 2.92 4.4o 5.75

Pitch - CW .0140 •267 •69O •989 i.42 2.82 4.25 5.65
VEMS

CCW .024 •276 •705 •990 i.43 2.85 4.20 5.60
!

Yaw - CW •0155 •270 •695 •960 i.37 2.73 4.i0 5.40
VRMS

CCW .0145 •267 .680 •945 i.36 2.72 4.i0 5.40

Maximum rate gyro output voltage [(Eo)max] occurs at about 50 deglsec. The

maximum RMS outputs were as shown below.

Axis Phase (Eo)max Volts
lJ ,,, , ,,,,,,,,,

Roll CW 6.45

CCW 6.50
,,,,,,, ,, ,,.......,,, , ,,

Pitch CW 6.50

cow 6.40

Yaw CW 6.30

CCW 6.30

Static inverter voltage (reading taken with Fluke meter):

- 26. ws

I_B = 26.4O_
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H. FULL TRIGGER

i. Trigger reference voltages (room temperature/zero input):

Positive Trigger + 0.9982 VDC

Negative Trigger - I.O00VDC

2. Schmitt operating characteristics (all readings are in volts IX]):

Input ---@ @ Zero @ Positive Trigger @ Negative Trigger

Q_ VBE - 1.878 0.688 - 1.880

Q6 VBE O.716 - 1.370 O."_19

VBE - 1.069 - 1.O70 0.692

Q8 VBE O.706 O.640 - 1. 426

% v 3.694 3.8 3.694
Qr Ve 3.804 3.803 3.959

Temperature

RmTemp 0% TO°C
" "'" .,H

Positive Trigger - Pull In 1.106 I.IOT 1.104

Drop Out 1.023 1.02T 1.009

Negative Trigger - Pull In -0.870 -0.878 -0.854

Drop Out -0.801 -0.824 -0.788

Large Signal Effects +15 None None None

-15 None None None

3. Output Voltage (Unloaded):

Positive Trigger - ON + 6.55} VDC

OFF - 0.545 VDC

Negative Trigger - ON + 6.168 VDC

OFF - 0.568
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Io HALF TRIGGER

i. Trigger reference voltage: + 1.002 volts/zero input

2. Schmitt operating characteristics (all readings are in volts DC):

Input , r @ Zero @ Trigger

; Q3 VBE - 3.532 O.676

Q4 VBE O.702 - 1.506

Q3 Ve 3.816 3.968

Temperature
L

Rm Temp C°C 70°C

Trigger - Pull In 1.497 1.561 1.4635

Drop (_it 1.574 1.640 1.5324

Large Signal +15 None None None
Effects

-15 None None None

3. Output voltage: ON 0.206 VDC

OFF 14:975 VDC
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J. _._DULATOR

Electrical and augular input_ were obtained from a position gyro synchro in-

dex head. The results of the tests performed on tbe demodulator are shown below.
...... ,,u i

Input in-Phase Out-of-Phase In-Phase Out-of-Phase
Angle Temp Output @atput VDC VI]C

,.... ,,,,

70 O.2017 -0.1993 .609 -.599

1/3 25 O.2039 -0.2013 .612 -.604
[

i 0 O.2072 -0.1989 .622 -. 598Jr,.. L ., .. .,

i, 70 O.4062 -0.4025 .610 - . 604

2/3 25 O.4092 -0.4054 .615 -. 609

0 O.4124 -0.4041 .619 " -. 607
,..,. ,

70 o. 61o2 -o. 6080 .61o -. 608

1 25 O.6140 -0.6116 .614 -.612

0 O.6179 -0.6103 .618 -.610

70 1.8346 -1.8370 .612 -.612

3 25 1.8454 -1.8455 .615 -.615

0 1.8_23 -1.8465 •617 -. 615
,,,,,, ,,,,, ......r .... . ,,,, ,, .

70 4.8831 -4.8983 .610 -.612

8 25 4.9140 -4.9290 .614 -.617

0 4.9266 -4.9263 .61_ -.617
' " m ..... , , J

70 9.101 -9.090 •607 -.606

15 25 9-156 -9.148 .611 -.610

0 "9-177 -9.147 .612 -.610
"' 3 i ,.. ,,,.i,

70 17.774 -17.624 •592 -.588

30 25 17.882 -17.729 •596 -. 591

0 17.926 -17.762 •598 -.592

70 30.984 -30.626 •517 -.511

60 25 31.210 -30.817 .520 -. 514

0 31.296 -30.881 •522 -.515

70 35.899 -35-486 •399 -.395

90 25 36.151 -35.701 .402 -. 397

0 36.250 -35.786 •403 -.398

8 MVP-P 8 MVP-P
R_pple: In-Phase 30 DEG , Out of Phase 30 DEG
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K. ABSOLUTE VALUE CIRCUIT

Electrical and angular inputs were obtained from a position gyro synchro

index head. The input versus the output data results are shown below.

Input Output (VDC) Ripple (MVP-P)

Room Room

Deg Peak-Volts Phase Temp O°C 70°C Temp

- 0 - O.i00 O.072 O.141

In 0.293 0.260 0_340 8

i .290 Out o.293 o.258 o.338 8

In O.832 O.797 O.885 lO

3 •870 Out O.832 O.794 O.883 i0

In 2.773 2.733 2.830 12

lO 2.885 Out 2.774 2.735 2.838 12

In 4.152 4. ll4 4.222 15

15 4.300 Out 4.148 4.104 4.217 15
,.u,

In 8.097 8.055 8.195 19

30 8.310 Out 8.061 8.015 8.153 19

In 14.162 14.156 14.159 22

90 16.62 Out 14.159 14.i_6 14.160 22

Transient response was measured as follows:

a. Time from maximum to minimum output resulting from removal of a large
input: 2.1 seconds.

b. Time constant for large step input: .04 seconds.
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Appendix V

FACS SYSTEM TEST AND CALIBRATION DAT_

A. GENERAL

All system tests were performed under ambient conditions an l at rated

supply voltages unless otherwise specified. All AC signal inputs and angular

measurements were obtained with a position gyro synchro index head.

Prior to performing the system tests, the following preliminary steps were

taken:

a. The system junction box was jumpered for a "dual level detector"
system configuration.

b. The P_P and rate gyro package connectors were removed from their
respective subassemblies.

c. Slave roll was energized.

d. Tests were performed in ledex position ]_2unless otherwise stated.

B. ROOM TEMPERATURE BENCH CALIBRATION

IACS POSITION CONTROL

Calibrated at + 15 arc minutes for the low _ condition with the rate control

channel inputs grounded. Check at high KR showed trigger level angular error as

follows :

Trigger
Input Input Angle (Arc Min)

Channel Direction (VDC) High

Roll CW - i.181 13.3

ccw + o.725 16.7

S. Roll CW - 1.138 --

ccw + o.819 --

Pitch CW - 0.942 14.0

CCW + 0.667 15.8

Yaw CW - 0.992 14.0

CCW + O.686 15.8

V-1
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IACS RATE CONTROL

This test was performed with the position channel _nputs grounded. For

the high KR measurement_ the appropriate gain resistor must be shorted. For

calculating the resultant KR_ use the following formula:

15 arc minutes 1

low KR = Rate Input (arc minutes) x 1.465

Position Trip Point @ high KR 1

high KR = Rate Input (arc m_nutes) x 1,46__

Calibration check showed:

"X"
Input Angle (Arc MAn) Calculation

Channel Direction High KR Lowe R High KR Low KR

Roll CW 5.7 iio5 1.59 0.89

ccw 7-5 ll.6 i._2 O.88

Pitch CW 2.7 8.i _ 54 I_26jo

cow 3.4 8°1  .17 1.26

Yaw CW 2.7 8.1 3.54 1.26

ccw 3.5 8.3 3.o8 1.24

The apparent difference in calculated values for CW and CCW high KR is

attributable to error associated with reading small angles. Rate gain checks

were repeated by employing two synchro heads. One was used to provide simulated

position inputs; the other provided simulated rate inputs. Using this method,

the following data were obtained:

@
See measured trip points in "position control" calibration.
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Simulated Equlvalent Angular
Position Rate Trip Point
Input -

CW & (arc min)

Channel (arc min)Condition CW CCW

Pitch 0 Low 7.8 8.3

60 Low 2.5.1 41.0

120 Low 58.0 73-9

0 High 2.8 5.4

60 High 9-9 16.0

120 High 22._ 28..5

180 High 34-9 41.0

Yaw 0 Low 7.7 8.5

60 Low 25..5 41.4

120 Low .58.6 7h.7

0 High 2.6 3.7

60 Bigh 10.3 16.5

120 High 23 •1 29.3

180 High 3.5-8 42.0

Equlvalent Angular
Simulated Position _'ip Point

Rate _: (arc min)
Channel Input Condit [on CW CCW

Pitch 0 Low 14.5 1.5.4

0 High 12.8 l, .2

Yaw 0 Low 14.5 1_.

0 High 12.5 17.3

v-3
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Sample calculations of rate gain using "large angle" data:

Channel Condition Calc alat ion

120 i

Pitch _o_ (KR)C_-_.0 + Z.8_ = 1.24

120 i

(_)cc_-73.9-8.3_ = L.25

_teh m_ (_)_ 18o- 12.8 1- 34.9 i.-_ = 3.27

18o 1
(_)CC_ = 41.0- 3.4 _ = 3.27

120 1
Yaw Low (KR)cW = 58.6 + 7.7 _ = 1.25

120 i

(_)cc_= 74.7-8.7 _ = 1.23

18o 1
Yaw High (KR)c_f = 35.8 + 2.6 _ = 3.20

(KR)cC W 180 + 17.3 i- _2:0 _ = 3.20

V-4
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IACS CAPI_E

Nominal Calibration -

Roll + 90.0 arc min

Pitch + 19.0.0 _rc rain

Yaw ± 120.0 arc min

Calibration check showed:

Input Angle Trigger Input

Channel Direction (arc min) (VDC)

' Roll CW 93 •5
+ 1.306

i CCW 90.0

Pitch CW 124 -3
I

CCW 116 + 1.722
i'

': Yaw CW 115 -9
I

+ 1.69o: CCW !.".:, •(;
I

SACS CAPTURE

Tests performed in ledex i_osition 2. Nominal callbration. ± 18.0 arc min.

Calibration check showed:

Input Angle T_, _er Input

Channel Direction .(arc rain) ......_(VDC)

Pitch CW 18 •0

+ 0.7o8
CCW _8.0

Yaw CW 18.3
+ 0.644

cow 18.3

Note: Later changed to nominal calibration ± 24.0 arc min

v-5
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SACS CONTROL

5 mv = + 112 my
Calibrated at: + 22.5 arc seconds x arc second -

:Corresponding trigger voltages were as follows:

Trigger Input

Channel Direction (VDC)

Pitch CW + 0.937

CCW - I.L76

Yaw CW + 0.952

ccw - 1.o85

TORQUING LOOP - GYRO INPUT ONLY

The fine sensor inputs were grounded for this test.

Nominal calibration: +-12.0 arc min

Calibration check showed:

Trigger Input Input Angle

Channel Direction (VDC ) (arc mln)

Pitch CW - 1.131 11.2

CCW + 0.591 9-7

Yaw CW - i.129 ii.8

ccw + o.635 io.5

Note: T_ater changed nominal setting to + 8.4 arc mln

v-6
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TORQUING LOOP - FINE SENSOR INI_JT ONLY

The gy::o inputs were grounded for this test. Simulated sensor input volt-

ages causing trigger action were as follows:

Input

Channe i Direction (VDC)

Pitch CW - 0.647

CCW + 0.766

Yaw CW - O.707

CCW + o.830

_XING RATIO

Test data obtained by applying simultaneous inputs simulating gyro and

sensor:

Sensor Input Gyro Calc*

Channel (VDC) input Angle KM

Pitch - 4.5 (15 _in) 56o8' to 1° 13' CW 4.12

Yaw - 4.5 (15 mi'-_) 55.7' to I° ii.9' CW 4.0

*Sample Calc K_o = 71.9' - ii.8' = 4.0 ( Yaw )
_. l_.0 '

SYSTEM CAPTURE

The junction box was jumpered for a "single level detector" configuration

for this test.

Nominal detector/trigger level: + 24.0 arc min at gyro.

Calibration check showed:

Input Angle

Channel Direction (arc min)

Pitch CW 23 •1

cCw 23.I
Yaw CW 25.1

ccw 23.1

v-7
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C. __mS_ERATURE TEST

Refer to room temperature data (previous section) for test method and

nominal values.

IACS POSITION CONTROL

Input. Angle (arc min)

Tow mgh
Channel Direction 40°F 120°F 40°F 120°F

Roll CW 15.2 15.i 15.6 13-2

CCW 15.3 14.9 16.8 16.8

S. Ro13 CW 15.7 15.2

CC_ 14.7 14.7

Pitch CW 15.6 15.2 14 -3 14.2

CCW 15.0 i4.6 16.2 15.6

Yaw C_ 15 •i 15 •2 14.i 14.0

CCN 14.9 14.6 16.0 15.8

IACS RATE CONTROL

Input Angle (arc rain)

Low KR High KR

Channel Direction 40°F 120°F 40°F 120OF

Roll CW 5.8 5.6 ll.5 ll.6

CCW 7-3 7.5 ii.7 11.6

Pitch CW 2.8 2.8 8.2 8.2

CCW 3.3 3-2 7-9 7.9

Yaw CW 2.8 2.8 8.0 8.2

ccw 3.4 3-5 8.1 8.1

v-8
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IACS CAPTURE

Input Angle (arc min)
Channel Direction 40°F 120°F

Roll C_ I_I.4 92 •5

CCW 97-_ 88.0

Pitch CW 131.1 122.8

ccw 123.5 114.7

Yaw CW 131 •9 122.7

cow 124.5 ll5.0

SACS CA_TURE

Input Angle (arc min)
C%annel Direction 40OF 120°F

Pitch CW 20.4 16.9

CCW 21.7 16.8

Yaw CW 20.5 17.4

CCW 20.7 17.6

SACS CONTROL

Input (VDC)
Channel Direction 40°F L_O°F

Pitch CW - •109 -.lll

CCW + •113 + .ll3

Yaw CW - .i14 - •109

CCW + •109 + .lll

v-9
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TORQUING LOOP - GYRO INPUT

Input Angle (arc rain)_
Channel Direction 40VF 120uF

Pitch CW ii.2 ii.0

CCW i0._ 9-9

Yaw CW 12.i Ii.8

CCW lO•2 I0.

TORQUING LOOP - FINE SENSOR INPUT ONLY

Input (VDC)
Channel Direction 40°F 120°F

Pitch CW - .638 - .649

CCW + •776 + •781

Yaw CW - .687 - .712

c_ + 838 + .834

SYSTEM C&PI_GEE

Input Angle (are min_
Channel Direction 40VF 120-F

Pitch CW 24.9 22.8

ccw 24.8 23.9

yaw cw 2_._ 23.3
CCW 24.6 23.7

V-IO
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Append _x VI

BREADBOARD FACS
TELEMETRY SIGNAL-CONDITIONER CALIBRATION

NOTE: Directional notation (CW or CCW)

represents sign of jet turn-on
resulting from indicated signal.

Function J18 Condition Output - VDC

Roll Valves 1 None 3.699 4.256 5.1TO

De spin 2.793 3-253 3.946

CW 2.614 3.045 3.693

CCW 1.979 2.300 2.785

Not Armed 0 0 0

Pitch H.T. Valves 2 None 3.563 4.153 5.045

CW i.510 i.740 2.092

CCW 2.240 2._99 3.143

After 0 0 0
Switchover

Yaw H.T. Valves 3 None 3.552 4.142 5.030

CW 1.P05 1.735 2.085

ccw 2.231 2.589 3.13o

After 0 0 0
Switchover

Pitch L.T. Valves 6 None 3.496 4.080 4.936

CW 1.400 1.626 1.963

ccw 2.173 2.531 3.06o
Before 0 0 0
Switchover

VI-I
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Function J18 Condition Output,- VDC

24v 28__Xv A_X
Yaw L.T. Valves 7 None 3.559 4.152 5.025

CW 1.421 1.650 1.985

CCW 2.219 2.585 3-122

Before 0 0 0
Swit chover

Pitch Valve Switchover 29 Before 0 0 0

After 3.770 4.386 5.329

Yaw Valve Switchover 27 Before 0 0 0

After 3.905 4.544 5.519

Roll Capture 39 Before 0 0 0

After 3.374 3-909 4.705

Pitch Capture 40 Before 0 0 0

After 3-764 4.401 5-349

Yaw .Capture 41 Before 0 0 0

After 3-830 4.480 5.444

Torque Loop Closure 28 Before 3.766 4.396 5.330

After 0 0 0

Program Position 4 12 0 0 0

1 4.88 4.9o 4.91

2 4.43

3 3.98

4 3.53

5 3-08

6 2.63

7 2.19

8 1.75

9 1.31

io 0.88

_i 0.44

VI-2
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Function J18 Condition Output - VDC

26 V _ i0 2.20

26v ° n 2.42

+I_ VDC Monitor 8 2.663

-l_ VDC Monitor 9 2.432

+_ _c TLMRE_ 14 4.90

400-CPS Freq Monitor 12 8oi VRMS ,
MAX (Set
for 5.0

VRMS)

Roll Torquer 18 ON 4.55

OFF 0

Pitch Torquer. 17 ON 4.53

OFF 0

Yaw Torquer 16 ON 4.50

OFF 0

S. Roll Torquer 19 ON 4.57

OFF 0

SACS State 26 IN 3.71

OUT O

24V 28V 34V

"G" Switch & Arm Roll 5 Neither --6- --6- 0

"G" Switch 1.425 1.667 2.029

Only

Arm Roll 2.413 2.817 3.419

Only

Both 3.687 4.303 5.223

vI-3
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Figure VI-9. Telemetry Calibration Ya_,Rate YI-12
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Figure VI-13. Telemetry Calibration, Sensor-Yaw _0 Vl-16
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Appendix VII

OPERATIONAI, PROCEDURES AND PARt,METER CHANGES

I
l

A. AIR BEARING SIMULATOR TESTS

I FACS MDDE

When the full FACS is operated with a complete program, the following

operational steps are used.

1. Initial Console Settings:

a. Console AC power switch "OFF"

b. Console main power supply 'k)FF"

c. +28 VDC switch "OFF"

, d. +l_.VDC switch "OFF"

e. -19 VDC switch "OFF"

9. Vehicle Power control switch "OFF"
@

g. Program Stop switch in down position

h. Offset caging switches (3) in "lgJLL" position

i. Offset caging synchros aligned to zero degrees

j. Offset caging configuration switch for each axis should be in

the mode desired, either 2 wire or 3 wire. The three switches
are located inside the console. The 3-wire configuration should
be used only when using gyros that have their synchro third wire
brought out.

2. Connect umbilical from GSE to FACS.

J 3. Turn "ON" console AC Power switch.
i

4. Turn "ON" console main power supply (adjust for 30 V).

iJ 9. Turn "ON" +28 VDC switch.

6. Turf "ON" +l_ VDC switch.

!I 7. Turn "0N" -l_ VDC swltch.

-T VII-1

I
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8. Turn Vehicle Power control switch to "EXT."

NOTE: The Program Position indicator should be on position 12. If

the indicator reads anything but 12, the Vehicle Power control
switch should be immediately returned to the "OFF" posi-_ion.

To correct the condition, remove the connector to the RSP,
place the Program Stop switch in the up position, turn the
Vehicle Power control switch to "EXT" and pulse the Program
Advance button on the console until the Program Position indi-
cator reads 12. Turn the Vehicle Power control switch to

"OFF", return the Program Stop switch to the down position,
reconnect the RSP connector, and proceed with the test.

9- Allow approximately one minute for the Vehicle DC Current to drop to
the steady state running current: approximately 6 amps with telem-
etry and _ amps without telemetry.

lO. Depress Cage button until the Roll, Pitch, Yaw, and S. Roll Null
lights come "ON", then release Cage button.

ll. Align vehicle to initial orientation for test and depress Cage button

until all four Null lights come "ON" again. Release Cage button.

12. Turn Vehicle Power control switch to "INT".

13. Depress Cage button until all four Null lights again come "ON" and
stay on. Release cage button.

l_. Remove umbilical from FACS.

l_. Start Vehicle Timer.

16. Test wlthDespln - Spin vehicle CCWlooking aft from the nose of
simulator.

17. Test without Despin - Turn vehicle slightly CW looking aft from the
nose of the simulator - about 15 degrees.

18. At the completion of the program, insert the umbilical into the FACS,
turn the Vehicle Power control switch to "EXT", place the Pxogram
Stop switch in the up position, pulse the Program Advance until the
Program Position indicator reads 12 and then turn the Vehicle Power
control switch to "OFF".

EMERGENCY PROCEDURE: If at any time the FACS indicates that a failure has oc-

curred while on the Air Bearing Simulator, the emergency procedure is to turn

'_FF" the vehicle battery power supplied to the FACS and insert the umbilical

into the FACS. If the gyros have not spun down the following procedure can be

used to re-establish the program sequence.

VII-2
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i. Place Program Stop in up position.

2. Turn the Vehicle Power control zwitch to "EXT".

3 • Cage.

4. Pulse Program Advance until the Program Position indicator reads 12
and then turn tileVehicle Power control switch to "OFF".

If the gyros have spun down , the note of step 8 above is applicable.

IACS MODE

When the FACS is operated with a complete program, the operational steps

of the FACS Mode above are applicable.

SACS ONLY MODE

When the FACS is operated in the SACS ONLY Mode, the operational steps are

as follows:

1. The Program Stop function must be jumpered to ground ir the "J" box.

2. Steps 1 through lO of the FACS Mode above are applicable.

3- Turn Vehicle Power control siwtch to "INT".

4. Cage gyros, with tne vehicle somewhere close to the light ._ource, s-;,
pulse the Program Start button.

5- Continue to cage gyros and pulse the Program Advance until the Program

Position indicator reads 2. When the FACS coast time delay times out,
the system will switch over into SACS operation and the vehicle may
then be placed within the field of the light soL'_ce. Release the Cage
button and pull the umbilical before the acquisition is attempted.

6. When the test is complete, put the umbilical back into FACS, turn the
Vehicle Power control switch to "EXT", pulse the Program Advance but-
ton until the Program Position Indlcatcr reads 12 and then turn the
Vehicle Power control switch to "OFF".

OFFSET CAGING

1. Two-Wire Conflguration - Place the caging corLflguratlon switch in the
back of the console to the 2 position for the channels desired. Off-

set caging is accomplished by turning the o_'fset caglns selector
switch to the direction desired and setting the magnitude of the off-
set with the potentlometer directly below each selector switch in each
channel. For accurate offsetting, a Ratiometer must be used to take

the ratio of the gyro synchrc output voltage aud the 26 V zero d_.gree
reference phase of the FACS. Using the equation below, the rat:_ode-
sired can be calculated.

VII-_
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E
out

E. - TR sin e = .493 sin e
in

An alternate, less accurate, method is to read out the synchro voltage
on a true rmz ;ultmeter and calculate the angle u_ing

Eou t = 11.79 sin e

2. Three-Wire Configuration - Place the caging configuration switches in
the back of the console to the 3 position for the channels desired.
Change the gain of the caging channels being used in the 3-wire con-
figuration by a factor of two by jumpering the two feedback resistors

on the console circuit boards. To offset cage, set each channel syn-
chro on the console to the angle desired eaad cage the gyros. The four
console Null lights will indicate when the offset is complete.

B. SYSTEM PARAMETER CHANGES

Component

Parameter Value Designation Unit

Mixing Ratio 2 2..7M R17 and R22 SACS

3 1.8 M R17 and R22 SACS
| 'L,, ,,, ,,,,

4 1.3 M R17 and R22 SACS

Single Detector Level .3 deg 2.0 M R9 and R6 IACS
i

.4 deg 1.9 M R9 and R6 IACS

Dual Detector Level .3 deg 1.8 M R3 and R4 SACS

.4 deg 1.3 M R3 and R4 SACS
,,,,,,,,,, ,, ,,

Kr - PJtch & Yaw 1.98 Jumper R44 and R49 IACS

1.98 No Rh4 and R49 'IACS
i.29 Jumper

C. FINE CO_ROL STATIC SWITCHING LEVELS - SACS

A change in the SACS control deadband is achieved by simulating the fine

sensor with the circuit in Figure VII-I and adjusting the trigger levels of the

control channels in accordance with Table VII-I.

vii-4
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J7 CONNEC&OR FOR
GSFC SOLAR SENSOR

SACS PITCH lOS 9 _ DESIRED - INPUT
SACS YAW P0S i 4

L

+l_ gDC F 1

-15 VDC i 2

amtem 5

Figure VII-1. Fine Sensor Simulator Circuit
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Table VII-1

SACS Control Input Ad just C_rcuit

Deadband (mvdc ) Channel Pot Values

+ 22.5 se'-_ + ll2 Pitch ZR4 R27 = 2M

-i12 Pitch ZR3 R30 = 2M

+ll2 Yaw ZRIO C7 = .015 ',f

-ll2 Yaw ZR9 C12 = .015 _f

+ i0 se'-_ +50 Pitch ZR4 R27 = 2M

-50 Pitch ZR5 R30 = 2M

+50 Yaw ZRIO C7 = .015 _f

-50 Yaw ZR9 C12 = .015 _f

+ 7.4 sec +37 Pitch ZR4 R27 = 2M

-37 Pitch ZR5 R30 = 2M

+37 Yaw ZRIO C7 = .015 _f

-37 Yaw ZR9 C12 = .015 _f

+ 4.9 sec +25 Pitch ZR4 R27 = 3M

-25 Pitch ZR3 R30 = 3M

+25 Yaw ZRI0 C7 = .01

-25 Yaw ZR9 C12 = .01 _f
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D. SYSTEM CONFIGURATION CHANGES

All major system configuration changes are made in the FACS Junction box

at the system configuration patchboard. Figure VII-2 shows the Jumpers required

for the system configuration desired.

E. HOLD TIME DELAYS

The duration of the hold time delay_ are determined by resistors R30, R31,

R32, and R33 in the programmer subassembly. Each of these resistors determines

a separate hold time delay. Resistance values for these resistors versus the

desired hold time delays are _hown in Figure VII-3.

VII-7
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P12-22 -_-- Two Detector Jumper _ Pi2-23

P12-24 _ One Detector Jumper

P12-25 _ Z,roDetector Jumper _-- P12-26

P12-27 _ One Detector Jumper

/--A
P12-31

Rate Mode After First Roll Cap

P12-4 _ One Detector Jumper ___- P14-34

J
P14-33 _ Two Detector Jumper _)

P14-35 _ Two Detector Jumper. '" -_ )

Figure VII-2. System Configuration Patchboard
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30K ........

/
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t

• &

[ :•# L_
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TIME - SECOndS

Figure VII-3. Hold Time Delay Resistance
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Appendix VIII

FACS TECHNICAL NOTE
RE-EVALUATION OF RAMP MANEUVER CHARACTERISTICS

A. Y__I_ODUCTION

The first FACS air bearing test (March 3, 1965) showed 75° ramp maneuver

with no steady-state condition (i.e. lag angle, Be, never became constant).

See sketch.
B
|

I A to B- Showed two-sided jetA
e _ _ acti._n--indicating

e I _ operation on switching

Y
llne

at B - Gyro torquing stopped

_te: ee _ constant

t '

B. DISCUSSION

The analysis (summarized below) shows this performance to be expected but

heretofore not recognized because the effect of lar&_ glmbal angles on gyro

torquing rate was neglected.

That is, past analysis, analog, etc., had used:

Gyro torquing rate, Sg = R

where R = zero-lag-angle torquing rate (normally approximately 9 deg/sec) .

The correct expression is:

(vnI-leg = Cos Oe

where lag angle ee = eg - 8v

eg = Gyro Attitude

ev = Vehicle Attitude

VIII-1
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C. EXPRESSION FOR STEADY-STATE LAG ANGLE

Switching equation (large angle):

77.3sin_ - :_6v-o (vlzl-2)

Steady-state condition requires:

6v= @ (viii-3)

(i.e. 8e = const)

From above:

Steady-State Lag Angle:

ee = 1/2 sin-1 2R 177.--7_ (nil-4)

We observe that Equation (VIII-4) implies an upper limit on KR for the

steady-state condition to exist. Upper limit given by:

Maximum Rate Gain

(_) max= _'/ (VIII-9)"" _.i_

• .

:: Ex: if R = 9.0 deg/sec, (_) max = 3.18

The significance of this is discussed below.

D. PHASE-PLANE REPRESENTATION

A phase-plane plot of gyro torquing rate, eg, and vehicle rate, ev, versus

lag angle, 8e, is shown in Figure VIII-l, plotted from Equations (VIII-l) and

(nil-2) •

Note that, for a steady-state condition to exist, there must be an inter-

cept between the eg and Sv curves. For KR = 3.2 and R m 9.0, there is no inter-

cept. This is consistent with Equation (VIII-7) which shows maximum rate gain

to be 3.18 for R = 9.0 deg/sec.

The plot also shows (for example) that if _ = 3.0 and R = 9.0, the steady

state leg angle is 37° - consistent with Equation (VIII-4) - and _g --ev --ll.0

deg/sec.

VIII-2
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Finally, the plot indicates that as R becomes larger, the maximum allowable

KR becomes smaller. Note that this restriction on KR is independent of accel-

eration level.

E. OPTIMUM RATE GAIN

Using trajectory relations and Equation (VIII-l), it can be shown that the

necessary condition for deadbeat response from a steady-state ramp maneuver

condition is :

2 R2
ee cos ec = 2"--_ (VIII_)

where (_is vehicle acceleration in deg/sec 2

Since the left side of this equation has a finite maximum value, we are

led to restriction on vehicle acceleration. That is :

Minimum Acceleration for Deadbeat Response

R2

(this is independent of rate gain)

Ex: for R --9.0 ((_)min = 1.71 deg/sec 2

for R = 9.5 ((_)min = 1.gl deg/sec 2

Optimum Rate Gain

Using Equations (VIII-6) and (VIII-4), Figure VIII-2 has been plotted to

show optimum KR versus acceleration.

F. CONCLUSIONS AND RECOMMENDATIONS

(]) Observed performance of FACS during air bearing test is consistent with

analysis herein. During this test, FACS (yaw) parameters were

KR = 3.2 sec

R = 9.5 deg/sec

Vlll-3
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Figure VIII-I shows that no gteady-state condition can exist under these

circumstances.

(2) To constrain the ramp maneuver lag angle, reset FACS rate gain in accord-

ance with Figure VIII-2.

Pitch and Yaw ER = 2.8

(3) Computer correlation will require mechanization of Equation (VIII-l).

VIII-4
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Appendix IX

EXPLANATION OF Th_ IF_ERMENT OF ROLL SLAVING
UNTIL COMPLETION OF ATTITUDE CAP2URE

-@ .@ -@

Let i, j, k represent body-fixed orthogonal unit vectors aligned with

the vehicl5 roll, pitch and yaw axis, respectively. In the ideal case, when

the vehicle is captured to the gyros, all of the gyro gimbal angles are zero
.-p -@ -_

and the vehicle body axes, i, J, k, are aligned with the desired inertially-

fixed reference axes which will be represented by the orthogonal unit vectors,

_, _, K. The arrangement of the gyro gimbals is then as depicted in Figure IX-1.

For any arbitary orientation of the vehicle the inertially-fixed _es are

related to the body-fixed axes by an orthogonal transformation. Thus:

.@ -@

K k

where :

t]l, tl2, tl3
l

(T) = t21, t22, t23)
!

t31' t32' t33

_s an orShogonal matr_ z. The roll and pitch gimbal angles, _p and e, of the

pitch gyro, u_.+h_ roll and. yaw gimbal angles, _y and _, of the yaw gyro are

_hen, in general, different from zero.

For present purlx'ses iQ will be assumed that the gyros are perfect so that
..

the spin vectors of the gyros remain inertially-fixed; i.e., there is no drift.

In this case any m_neuver which results in the alignment of the body-flxed axes,
._ ..p .@ am@ m@ .@

i# j, k, with _he inerbially-fixed _xes, I, J, K, will bring all the gyro gim-

hal angles to zero and, conversely, any maneuver tha_ results in briuging the

gyro gimbal angles to zero will align the body-fixed axes with the inertially-

fixed axes.

: _(-1

• J
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Since the spin vectors of the gyros are orthogonal it is apparent that a

maneuver which brings the roll gimbal and the pitch gimbal of the pitch gyro

to zero will autc_atically result in bringing the roll gimbal of the yaw gyro

to zero. Such a maneuver can be made by performing the following sequence of

rotations, which will bring all gimbal angles to zero.

aI. Rotate about the i axis through an angle, , to brxng the roll
gimbal of the pitch gyro to zero.

-@

b 1. Rotate about the j axis through an angle, e, to bring the pitch
gimbal of the pitch gyro to zero.

..p

cI. Rotate about the k axis through an angle, _., to bring the yaw
gimbal of the yaw gyro to zero.

The transformation of axes associated with this sequence of rotations must

correspond to the transformation (T), since the maneuver results in the align-

ment of the body-fixed axes with the inertially-fixed axis. Hence:

= .., o! o , o o,ooo
I 0 0 1 _ sin O, cos e O,-sin _p, cos _p

cos _* cos e, cos ¢. sin O sin _p -cos _* sin e cos
+sin _. cos _p , +sin _. sin _p

= [-sin _. cos e,-sln ¢. sin e sin _p sin _. sin e cos

\ + cos _* cos _p , +cos _* sin _p

\s n ,

Alternatively, the gyro glmbal angles may be brought to zero by performing

the following sequence of rotations :

a2. Rotate about the i axis through an angle, , to bring the roll
glmbal of the yaw gyro to zero.

.-p

b2. Rotate about the j axis through ar angle, _, to bring the yaw
glmbal of the yaw gyro to zero.

-@

c2. Rotate about the k axis through an angle, e., to bring the pitch
glmbal of the pitch gyro to zero.

IX-2
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Because of the orbhogonallty of the spin vectors of the _vro this maneuver

will also result in bringing the roll gimbal of the pitch gyro to zero and wlll

result in the alignment of the body-fixed axes with the inertially-flxed axes.

Consequently, the transformation (T) must also be given by:

(cos e., O,-sin e*). ,'cos _, sin ,,O, , (i, 0, 0 y)
(T) = 0 _ l, cos08. |-sin _, cos _, 0 O_ cos _y_ sln _y (IX-3)

sin e*, o, _ o o 1 l O_-sin _y, cos

s e. cos _, cos 8. sin _ cos _y cos 8. sin _ sin _
+ sin 8 sin _v ' -sin 8. cos _v

k sin 8. cos _, sin e. sin ¢ cos _v sln 8. sin ¢ sin

- COS 8* sin __ , +cos e* cos _..

Upon equating appropriate elements of (T) given by Equations (IX-2) and

(IX-3) the following relationships are obtaine _:

sin¢. - sin_ (_-4)cos 8

sin e. sln 8 (IX-})
- COS

cos¢*cose = cose.cos¢ (IX-6)

cos e sin _p = -sin 8. sln _ cos _y + cos e. sin _.X (IX-7)

cos e cos _p = sin 8. sln , sin _y + cos 6. cos _y (IX-8)

Upon substituting from Equations (IX-4) to (IX-6), Equations (IX-7) and

(IX-8) can be expressed as follows:

sin _p = -tan etan ¢cos _y+ cose____. _ycos 8 sin (IX-9)

cos _ = tan etan _ sln_y+ c°s e* _ycos e cos (IX-lO)

IX-3
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Equations (IX-R) and (IX-IO) lea_ to:

sin (_y - _p) = tan e tan _ (IX-II)

cos - - cos e - cos ¢

The foregoing results show that in general _* is not equal to ¢ and e. is

not equal to e and _y is not equal to _p. In particular, _y and _p are equal
i

only when either e or ¢.is zero. This may be stated as follows: when attitude

of the vehicle is such that neither inner gimbal angle is zero then if the spin

vectors of the gyros are orthonogal the roll gimbal angles of the gyros are not

equal_ specifically, if _ = O, _y _ O.

If the capture procedure were as follows:

(1) Despin and capture in roll to the roll gimbal of the pitch gyro,

(2) Slave the roll gimbal of the yaw gyro,

i (3) Capture in pitch and yaw

then, in step (2), to the extent that neither e nor ¢ might be zero at this

time, the torque applied to slave the roll gimbal of the yaw gyro would force

the spin vectors of the gyros to become non-oz_nogonal. This would be equlv-

alent to causing the yaw gyro to drift. The error so introduced can be sub-

stantial. For example, if e = _ = i0 deg and _p = O, _y would be about 1.8 deg.

The error introduced by slaving _y to zero under these conditions, instead of

allowing the proper value of 1.8 deg to remain, would be reflected later in a

yaw error at capture.

In the planned capture procedure this error is avoided by reversing steps

(2) and (3)_ i.e., the vehicle is captured in pitch (and yaw)before the yaw

is slaved in roll. In this way, at the time slaving is begun, _ is nom-gyro

inally zero. In practice, _y may differ slightly from zero at the initiation

of slaving because of residual drifts which may occur in either the pitch or
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the yaw gyros. (Predictabledrift errors would have been corrected in the

initial offset of t,legyro gimbals.) Slaving of the y_w gyro in roll prior

to pitch/yaw capture has no advantage with respect to this residual driest.

As a general principle, the gyros should be torqued only when the inertial

position of the axis about which the torque is applied is known. Otherwise the

effect of the torquing on the inertial reference held by the gyro cannot be

predicted. Slaving of the yaw gyro in roll prior to pltch/yaw capture violates

this principle.
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Figure IX-1. Arrangement of Gyro Gimbals
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Appendix X

CORRECTION OF TB_ _FECT OF INNER

GIMBAL ANGLE ON TORQUING RATE

Attention has recently been directed to the gyro torquing error that is

made in executing "ramp" type maneuvers with the Aerobee ACS due to the

neglect of the effect of inner gimbal angles on torquing rate. This memo is

written to describe the proposed method of correcting for this effect in the

"product improved" version of the system.

The gyro _orquing rate is given by

T 1@ =
c cos(e -e ) (i)C

where e is the gyro angle (in pitch or yaw) relative to an inertially fixedc

reference, e is _he vehicle angle re?ative to the inertial reference, T isv

the torque applied to the gyro and H is the gyr, _ugular momentum. The nominal

torquing rate of 9 deg/sec is obtained when ev = ec' T = To, and H = Ho where

T and H are the nominal values of T and H. For the P-I system the plannedO O

technique for compensating for off-nominal conditions is to obtain a D.C. meas-

ure of ec, integrate this measure and then to stop gyro torquing when the

integration indicates that the desired value of e has been reached. Circuitsc

for implementing this scheme have been worked out. However, they are a__pli-

cable only for the case where e remains equal to e .V C

Because of the lag angle which arises in executing ramp maneuvers, the

difference between e and e becomes significant. This lag angle is not con-
V C

stant iu time during a maneuver and also varies with the gas pressure and the

magnitude of the maneuver. Hence a "programmed" compensation scheme does not

appear to be feasible. The compensation scheme should be based upon the meas-

urement of the lag angle and must be applicable to the maximum lag angle range "

that may be encountered. This ra_e is from zero to about 30 degrees.

i
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Compensation for lag angles in this range can be made to sufficient ac-

curacy by adding a correction term instead of performing the multiplication

by 1/cos(ec- _ - ev ) indicated by Eq. (1). This may be demonstrated as follows:

The torque-momentum ratio can be written

T

__= _o (I+ el) (2)H H
O

T
where eI is the relative departure of _ from its nominal value. Past analyses

have indicated that the maximum value of eI will be about 0.05. Defining e2 by

1

e2 - cosCo -e ) - i (3)

it is found that when Iec - evl K 30 dog. the maximum value of this quantity

is about .15. Now using Eqs. (2) and (3), Eq. (i) can be written

T

= __o(l+ el)(l+ e2) (41$c E
0

T T T
O O O

= _- (i+ cl)+_- _2+_- _lC2
O O O

The maximum value of the last term is 9( .05)(o15) = .0675 deg/sec. If this

term is dropped the largest error that would be made in a 90 degree maneuver

would be about .675 dog. This error would occur only in very extreme cases,

i.e., when T/H is most off nominal, when the lag angle is greatest and when

the maneuver is large, all conditions occurring simultaneously. The error that

is made by using the approximation

T T

= o ,,Cl+_l_+ o

T
T o

=_+_- e2
0

for the torquing control c{rcuit thus appears to be tolerable. Since the first

term on the right hand side is already implemented, it remains only to add the

second term, specificallYITo/Hol E2.

" " X -_:• o
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A signal proportional tO,To/Hole 2 can be generated by processing the gyro

signal which is proportional to sincec - 8v )" The relationship between _2 and

sin(ec - ev) is shown in Figure i. As shown by the dotted lines in the figure,

_:2can be approximated by fotu-broken line segments with a maximum error of

about .OO1. This error is negligible since it corresponds to a maximum error

.009 deg/sec in gyro torquing which would produce a maximum error of .09 degree

for a 90 degree maneuver.

Since the function is monotonic it can be conveu_ently generated with the

use of diodes. A schematic of a possible circuit for this purpose is shown in

Figure 2. A one percent error in the conversion of the AC gyro synchro signal

to DC would correspond to a maximum error in 8 _n the order of oO1 deg/seec

wh_ ch would be negligible.

Compensation for the effect of inner gimba± a_:_le co gyro torqaing _s

required only for pitch and yaw. By use of a suJtaPle _,ritching arrangement.

a single torquing control circuit can be used to service both pitch and yaw.

S_uce the roll angle _s measured on the outer gyro gi_als the torq_" _lway_

remains orthogonal to the gyro momentum. In addit_or. _he s_ng__ ax_s p±atfor_

follows so closely tL_t there is no significant lag _a_e. If inner roll

gimbals had been used for the single axis platfor_ r_¢ c _ensation for l_g

angle effects would b_ve been required.
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Figure I. Approximatio n for Lag _ompensatlon
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Proportionel to T/H

• Torque ¢,_t

Additional Xnput Off Circuit
Proportion_ to

To 1

Figure 2. Schematic - Lag Ansle Compensation Circ_ _.

1966018035-270




